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INTRODUCTION 



These lessons relate science instruction to the fields of Stationary 
Engineering, Environmental Control, and Refrigeration, The lessons arc 
brief, but they include a wide range of activities in which science is 
applied to trade activities. A specific class or student may not be able to 
study all of the lessons; the instructor may wish to select only certain 
lessons from the wide range of lessons presented. Each lesson involves 
concrete trade experiences where science is applied. 

Mathematics is also needed as science is applied to these trade 
areas. The following lessons also involve mathematical problems used in 
these trade areas: 
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Introduction to Stationary Engineering 



Assignment I-A-l 



Objective: Upon completion of this lesson, the student will be familiar with duties, 
opportunities, and obligations of stationary firemen and stationary 
engineers. 

Information: What is a stationary engineer? Jokingly, we say he is an engineer who 
remains stationary - moving only in extreme emergency. Well that's not 
quite the whole story. A stationary engineer is responsible for supplying us 
with the electricity we need. Remember the blackout in New York City in 
November 1965. It seemed as if the world had come to an end. He 
supplies us with the water we need for washing and drinking; without it 
we would surely perish. He supplies us with the gas to heat our homes and 
for cooking. Backyard cookouts are fun, but not for every meal. Ask your 
mother. He is even responsible for the sanitary disposal of sewage. A city 
without sewage disposal would not be a city for long. He turns the wheels 
of industry with the steam, water, electricity and gas he supplies. The 
stationary engineer is a very important man in our world of technology. 
Without him, we would return to the dark ages. Let's look at some basic 
trade information about stationary engineering. 

I. Trade information 

A. Almost any type of industrial plant requires stearn either for processing or 
heating. This opens quite a large field for the prospective engineering student. 
Plants, large and small, must comply with certain regulations and standards set 
up by the State, mainly that any boiler carrying more than 15 pounds of 
steam shall be operated by a licensed fireman. 

B. This school is in the heart of a large industrial area where many large plants 
arc located. 

C. Duties of a fireman 

1. A fireman is responsible for the safe and efficient operation of the boiler 
room. Boilers arc dangerous in the hands of an untrained person. If they 
arc not handled properly, they can cause serious damage and loss of life. 
That is the reason the State requires that men handling this type of 
equipment pass examinations showing they are qualified to handle the job. 

2. The boiler room is the heart of any plant. Without the boiler room, the 
plant is dead. 

3. The boiler room has three regular shifts and one relief shift. They arc 
usually set up in the following manner: 

a. Chief engineer: works days, five days a week; and on call 24 hours a 
day, seven days a week. 

i i 
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b. Eight *to -four shift: one engineer, one fireman, and one oiJcr or one 
boiler room assistant. 

c. Four-to-twelve shift: same crew as above. 

d. Twelve-to-eight shift: same crew as above. 

e. Relief shift: same crew as above. 

4.. The fireman works eight hours a day; he eats his lunch on company time. 

5. Once a fireman relieves the previous shift, he is required by law to remain 
in the boiler rcom until he is properly relieved. Ho cannot walk off the 
job after his eight hours are up unless he is relieved by a fireman. That 
brings up the question of the fireman's reliability: 

a. He must be a sober person. 

b. He must be conscientious. 

c. He must keep cool in an emergency. 

d. He must understand his job and know how to handle any emergency 
that might endanger the boilers, the plant, or the auxiliary equipment. 

e. He must be on the job at least fifteen or twenty minutes beforehand 
so he can check his equipment before relieving the watch before him. 

D. Working conditions 

1. Firemen in some plants work a rotating shift which means working days 8 
to 4, afternoons 4 to 12, and nights 12 to 8 a.m. Other plants work 
steady shifts and the firemen must acclimate himself and his family to 
these conditions. 

2. The fireman is required to keep a neat, clean boiler room. 

3- Most large plants will have a two week shut-down period when there is no 
steam in the plant at all. During this time the boiler room crew will make 
necessary minor repairs, pack valves, ancKclean the boilers internally and 
externally. The boilers arc inspected once a year by a boiler inspector; it is 
part of the fireman's duty to prepare boilers for inspection. 

E. Security rf . 

1. A fireman's job is as secure as he makes it. Once he has learned his plant, 
he has a job for the rest of his life. He must do something very serious to 
get discharged. 

2. A good fireman is worth his weight in gold, and a chief engineer will do 
all in his power to keep him on the job because it means that h,c (the 
chief) can go to bed at night and sleep without worrying about the plant. 

3- During times of layoffs, the boiler room crew is the last to be laid off. As 
long as one department in the plant is operating, they will need the boiler 
room. Tn some cases, a plant that lays off for a short time will keep its 
boiler room crew on to maintain the plant in operating condition and safe 
from fire and freeze -ups. 
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4. In times of a strike, the boiler room crew will very often work right 
through with the union's sanction because the union must agree always to 
leave the plant in a safe condition before calling a strike. 

F. Advancement 

The fireman who will apply himself and learn his job can, without too 
much trouble, raise his license to that of a stationary engineer. He can 
then raise his engineer's license from blue seal to red seal to gold seal and 
become a chief engineer, a job with responsibility and good pay. 

II. Purpose of this course 

A. This course has been set up because there is a definite need for good firemen 
in industry. Until now a man had only to work in the boiler room for a year 
or so, be coached on a few basic questions, and after three or four attempts, 
pass his fireman's license. Then a new fireman was born. It was a very 
haphazard way. The days of a fireman needing a strong back and a weak mind 
have passed with the horse and buggy. The modern boiler room is full of 
electronic equipment which requires intelligent handling. 

B. In this area there is an association known as the National Association of 
Power Engineers. Many of the Chief Engineers of the larger manufacturing 
plants belong to this group: for example, Alcoa, Bendix, Wrights, and many 
others. They are very interested in this course and have helped to set it up. 
Incidentally, the association is not restricted to Chief Engineers; anyone who 
is interested in bettering himself and holds a fireman's or engineer's license 
may make application to join. 

Procedure: Read the trade information presented and be prepared to discuss it in 
class. 

Assignment: 1. Look through your daily newspaper and one Sunday paper. Cut out all 
job opportunities listed for stationary engineers. 
2. Check with an employment agency for job opportunities for stationary 
fireman or stationary engineer. 
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Introduction to Environmental Control 



Assignment I-B-l 



Objective: Upon completion of this lesson, the student will be familiar with the job 
opportunities in the field of environmental control. 

Information: The term, environmental control, should be some indication of just how 
large this field is. It means that we arc trying to control our surroundings, 
not only in our homes, but where we work and play. Man is no longer 
willing to go along with nature. He isn't willing, to be hot in the summer, 
cold in the winter, or suffer with allergies due to dust or pollen in the air. 
Technology has made it possible to create the environment man chooses 
to live in. This means the total conditioning of the air. An environmental 
control specialist must be familiar with heating, cooling, filtering, 
humidifying, and dehumidifying the air. He must have an understanding of 
installation and servicing of the equipment necessary to accomplish this 
feat. 

The student entering this field not only has the opportunity of working 
with small contractors, but also the possibility of employment with 
equipment manufacturing concerns as field representative or trouble 
shooter. He could also open his own business installing and servicing this 
type of equipment. 

Industry is looking for mechanics. The pay is good and the job is steady; 
it is not seasonal work as some trades arc. 

Reference: Trade journals on environmental control 

Procedure: Read the trade information presented and be prepared to discuss it in 
class. 



Assignment: Look through your daily newspaper and one Sunday paper. Cut out all 
job opportunities related to the field of environmental control. 
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Introduction to Refrigeration 



Assignment I-C-l 



Objective: ? Upon completion of this lesson, the student will be familiar with the job 
opportunities in the field of refrigeration. 

Information: What is refrigeration? Although refrigeration plays an important part in 
our daily lives, we know little or nothing about what it means in job skills 
or opportunities. In our modern day-to-day world, refrigeration plays n 
most important part as it protects our food from spoiling. It allows us to 
freeze foods for long periods of storage, and it is the basis by which wc 
can cool our homes and commercial building. The refrigeration field has 
many openings for qualified mechanics and technicians. Industrial processes 
require refrigeration. Candy companies need it to coat their candy fillings, 
with chocolate. Ice cream just wouldn't be possible without it. You 
couldn't make wax paper and oh so many other things that wc take for 
granted. The refrigeration student must have an understanding of 
electricity, controls, pipe fitting installation, and servicing. It opens a field 
in industrial plants, and-The manufacturers of refrigeration equipment need 
sales representatives and field service and trouble shooting technicians. 
This is not seasonal work: technological advances of recent years make 
refrigeration a must during winter and summer. 

References: Trade journals in refrigeration 

Procedure: Read the trade information presented and look through the trade journals 
available. Be prepared to discuss what you have read. 

Assignment: 1. Look through your daily newspapers and one Sunday paper. Cut out 
all job opportunities related to the refrigeration field. 

2. Look around your town and list the places where a person with a 
refrigeration background might be needed. 
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Safety Assignment H-A-l 



No Related Science - Student responsibility and safety rules will 
be taught in shop. 
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Fire Prevention and Housekeeping 



Assignment II-A-2 



Objectives: 



Information: 



Upon completion of this lesson, the student will: 

1. Know how to handle combustible material. 

2. Be able to identify the three classes of fires. 

3. Identify the types of extinguishers and know what types of fires they 



are 



used 



on. 



What is meant by a combustible material? Right! Something that will 
burn. We should be aware of what is needed to start a fire in order for us 
to be able to put that fire out. This is a switch because after this lesson 
we will spend the next three years teaching you how to start a fire and 
keep it burning; Fire is one of man's best friends, but out of control it is 
one of his enemies. 

A fire will start if you have three things: 

1. Fuel — combustible material 

2. Heat - enough for combustible material to reach its ignition temperature 

3. Oxygen — to support combustion 

Remove any one of these, and the fire goes out. 

The main ingredient is the combustible material. That's why it is necessary 
to store waste or oily rags in safety containers, and volatile liquids in 
safety cans. By keeping careful control of the combustible materials in a 
boiler room, you cut down the danger of fire. We want the fire in the 
boiler fire box where we can control it, not in the boiler room where we 
have to fight it. 

The three classes of fires are: 

1. Class A — wood, paper, rubbish. 

2. Class B — oil, gasoline, and paints. 

3. Class C - electrical 



Reference: Training Your Tire Brigade, Walter Kiddc 

Procedure: After having read the information and studied the reference, do the 
following assignment and be prepared to discuss it in class. 

Assignment: 1. What tiuuu things are necessary to start a fire? 

2. Describe the three classes of fires we are most likely to encounter. 

3. How can a fire be put out? 

4. Using five general classes of first aid extinguishers and three classes of 
fires, make a chart indicating which type of extinguisher is best suited 
for which class of fire. 
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Pressure 



Assignment III-A-1 



Objectives: Upon completion of this lesson, the student will: 

1. Be familiar with the units of force and area. 

2. Be able to define and understand the term, pressure. 

3. Be familiar with a barometer and how it measures atmospheric 
pressure. 

4. Be familiar with the units of pressure 

Information: Pressure is defined as a force applied per unit of area. A barometer is an 
instrument that measures atmospheric pressure. The force that is applied is 
due to the column of air on the surface of the mercury. 

Reference: Principles of Refrigeration, Dossat 

Procedure: After having studied the listed reference answer the following questions 
and be prepared to discuss each. 

Assignment: 1. Give an example of o. force. 

2. What is the area of a football field? 

3. What is pressure? 

4. What unit is pressure expressed in? 

5. Describe a barometer. 

6. How does one read a barometer? 
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Pressure— Force—Area Relationship 



Assignment III-A-2 



Objective: Upon completion of this lesson, the student will be able to use the 
pressure- force— area relationship in problem solving. 

Information: Pressure is defined as a force applied per unit of area: 
Pressure = 

Area 

If the force acting on a given area is known, then you can find the 

pressure. 

Example: 

1. A force of 1000 pounds is applied to an area of 4 square inches. What 
is the pressure? .. f " ; 

Pressure = -fi2E££- Pressure = ^0. 

Area 4 

Pressure = 250 pounds per square inch. 

2. A force of 1500 pounds is applied to a rectangular area 5"X 3". What 
is the pressure on the surface? 

Assure = ^rce. pressure = J50CL , 1500, 

Area 5X3 15 

Pressure =100 pounds per square inch. 

3. A force of 707 pounds is applied to a circular disc 3 inches in 
diameter. What is the pressure on the surface? 

The area of a circle = .7854 X Diameter 2 

^ 707 n - F orce 

Pressure = — — - — Pressure — t 

.7854 X 3 X 3 Area 

Pressure = 100 pounds per square inch. 

You can also find the area when the pressure and force are known: 

Pressure = £ Q -££P ■ Area = _^ ( ? 1 "-^ e 

Area Pressure 

Example: 

4. The force is 1500 pounds and the pressure is 100 p.s.i. What is the 
area acted upon? 

Arca = ^ic^ Area = Area = 15 sq.in. 

Pressure 100 p.s.i. 

5. The force is 707 pounds, and the pressure is 100 p.s.i. What is the area 
acted upon? 

Area = , Fp^e Arca = ZQ2__ Arca = 7.07 sq.in. 

Pressure 100 p.s.i. 



It is also possible to find the force if the pressure and the area arc 
known. 

Pressure - ^ rcC | or Force = Pressure X Area 

Area 

6. Find the force on the bottom of a tank that has base dimensions of 6 
feet X 12 feet and has a pressure of 3 p.s.i. 

F = P X A F = 3 X 6 X 12 X 12 X 12 F = 31,104 pounds 

7. Find the force on a flat head of a steam boiler drum with a pressure 
of 100 p.s.i. and an area of 1000 square inches. 

Procedure: After having read the information and studied the sample problems, do 
the following assignment. 

Assignment: 1. Find the force on a safety valve disc that has an area of 6.25 square 
inches and is connected to a 250 p.s.i. boiler. 

2. A rupture di$c on a refrigeration machine has an area of 3 square 
inches with a pressure of 110 p.s.i. What is the force on that area? 

3. Find the area of a flat surface that has a force of 1000 lbs. and 
produces a pressure of 12 p.s.i. 

4. If you have a force of 10,000 pounds and a pressure of 900 p.s.i. what 
is the area the force is acting on? 

5. What is the pressure on the top of a compressor piston if the force is 
20,000 lbs, and the area of the piston is 85 square inches? 

6. Find the pressure that would be exerted on a circular disc of 3-inch 
diameter that has a force of 1 100 pounds applied to it. 
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Measurement of Pressure 



Assignment III-A-3 



Objectives: Upon completion, of this lesson, the student will: 

1. Know how pressure gages function. 

2. Know how manometers function. 

3. Know how bourdon tube gages function. 

4. Know what absolute and gage pressure readings mean. 

Information: The three common gages used today are the manometer, bourdon tube 
and diaphragm types. 

The manometer is a simple U-tube that is graduated in inches and is read 
as so many inches of water (H 2 0) or mercury (HG). 

The bourdon tube gage operates from pressure being applied to the inside 
of a closed metal tube. This causes the tube to try to straighten out; that 
moves a pointer to indicate pressure. 

The diaphragm type gage has two chambers separated by a diaphragm. 
Pressure applied to the diaphragm causes a movement of the gears and the 
pointer, thus indicating a pressure reading. 

Gages normally read 0 p.s.i. at atmospheric pressure; the reading you get is 
not the absolute or true pressure, but pressure above that due to the 
atmosphere. We call that reading gage pressure. 

Absolute pressure is a gage reading plus the pressure from the atmosphere, 
which is normally 14. 7. p.s.i. Therefore, we can say abs = gage + 14.7 p.s.i. 

Reference: Principles of Refrigeration* Dossat 

Procedure: After having studied the listed reference, answer the following questions 
and be prepared to discuss each. 

Assignment: 1. What is a manometer and how does it function? 

2. What fluids are normally used in manometers? What determines which 
fluid is used? 

3. How do you read a manometer? 

4. Describe gage and absolute pressure. Show by a diagram how they 
compare. 

5. Describe a bourdon tube gage and explain how it functions. 

6. What are the units that are used to indicate pressure? 
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Pressure Conversion Factors 



Assignment III-A-4 



Objectives: Upon completion of this lesson, the scudent will: 

1. Know the pressure conversion factors. 

2. Know how to convert from foot head to pounds per square inch. 

3. Know how to convert from inches of mercury column to pounds per 
square inch. 

4. Know how to convert from absolute pressure to gage pressure. 

Information: In every trade there are certain basic tools that must be used and 
mastered. The stationary engineering student must master hand tools, but 
he must also be able to master some basic concepts and make them work 
for him. At times they are more important than an easyout or pipe 
wrench. 

1. For every vertical foot of water, the pressure at the base of a column 
is .433 p.s.i. 

2. For every vertical inch of mercury, the pressure at the base of a 
column is .491 p.s.i. 

3. Gage pressure is the pressure indicated on the face of a pressure gage. 
To change gage pressure to absolute pressure, add 14.7 p.s.i. which is 
atmospheric pressure. 

4. A vacuum is sometimes described as an absence of pressure. Actually it 
is a pressure below atmospheric pressure. Vacuum gages are calibrated 
in inches of mercury (HG). To convert a vacuum r?* ailing to absolute 
pressure, multiply the vacuum reading by .491 and then subtract it 
from 14.7 (atmospheric pressure). 

Examples: 1. A boiler pressure gage mounted on a panel board is located 30' below 
the boiler drum. With no pressure on the boiler, what pressure if any 
would the gage indicate? 

1 vertical foot = .433 p.s.i. 

30 vertical feet = 

30 X .433 = 12.99 or 13 p.s.i. 

2. What pressure would a 29" barometer indicate? 
One vertical inch of mercury = .491 p.s.i. 

29" mercury = 29 X .491 = 14.239 p.s.i. 

3. A boiler pressure gage reads 150 p.s.i. What would this be in p.s.i.a? 

Absolute pressure (p.s.i.a) = Gage pressure + Atmos. pressure. 

150 + 14.7 = 164.7 p.s.i.a. 

4. A fuel oil suction gage reads 7.5 inches of vacuum. What would this be 
in absolute pressure? 

15 
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inches of vacuum X .491 - 

7.5 X .491 ='3.6825 

14.7 - 3.68 = 11.02 p.s.i.a. 

Procedure: After you have read the information and studied the examples, do the 
following assignment. 

Assignment: 1. A stand pipe in the engine room is 200 feet tall. What would the 
pressure gage at its base read if it were: 

a. Vi full? 

b. 3/4 full? 

c. full? 

2. A pump is capable of discharging water at a pressure of 80 p.s.i. How 
high can this pump deliver the water? 

3. A column of mercury 15" exerts how much pressure at base? 

4. Tf the pressure at the base of a column of mercury* was 9.82 p.s.i., 
how many inches of mercury would this support? 

5. A safety valve on a boiler pops at 150 p.s.i. and resets itself at 160 
p.s.i.a. What is the blow back? What is the percent of blow back? 

6. A turbine exhausts into a condenser carrying a 29" vacuum. What is the 
absolute pressure in the condenser? 
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Work 



Assi gnment III-B-1 



Objectives: Upon completion of this lesson, the student will: 

1. Be familiar with the terms, force, and distance as applied to work. 

2. Know how to measure the amount of work done. 

3. Know wlik,li units to use to measure work. 

Information: Force is defined as a push or a pull measured in terms of weight (pounds). 

The units of distance are stated in a linear measure (feet). Work is done 
when a force acting on a body moves it a distance. The amount of work is 
the product of the force and the distance moved. The unit of work is the 
foot-pound and is normally written ft.lb. An example would be: a force of 
100 lbs. moves an object 10 ft. The work done would be f X d = 100 X 
10 = 1,000 ft.lbs. 



Reference: Principles of Refrigeration, Dossal 

Procedure: After you have studied the listed reference, answer the following questions 
and be prepared to discuss each. 

Assignment: 1. What are the units that express work? 

2. Show how these units are obtained. 

3. State a simple rule for finding work done when the force and distance 
moved are known. 

4. Set up and solve » problem involving work. 
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Force and Distance Applied to Work 



Assignment III-B-2 



Objective: Upon completion of this lesson, the student will be able to figure 
foot-pounds of work done. 

Information: Before the age of machines, man knew how much work he had done by 
how tired he was. There was never any doubt in his mind. He knew! With 
machines and the design and building of machines, there had co be some 
way of measuring the output or work or power produced. It had to be a 
standard that could be used anywhere in the world. That's why we must 
understand what is meant by work, power, horsepower, boiler horsepower, 
mechanical equivalent of heat, etc. We will start off with work — how it's 
measured, how to figure how much work is done, etc. 

To do work we must apply a force. It may be either a push or a pull, and 
it will be measured in pounds. There will be no work done until the 
object that the force is being applied to moves ^a distance. The distance is 
measured in feet. 

Therefore: 

Force is a push or pull measured in pounds. 

Work involves force and distance. 

Distance is measured in feet. 

Work = force X distance 

= force (lbs.) X distance (ft.) 
= ft.lbs. 



Example: A force of 100 pounds is applied and moves an object 100 feet. How many 
foot pounds of work was done? 

W = F X D 

= 100 lbs. X 100 ft. 
= 10,000 ft.lbs. 

Procedure: After you have studied the information and example, do the following 
assignment: 

Assignment: 1. How much work would you do if you moved a 500-pound safe a 
distance of 20 feet? 

2. If you exert a 50-pound pull to move a load 10 feet, you do how 
much work? 

3. A freight elevator does 50,000 foot pounds of work while lifting a 
3000-pound load. How high did it go? 

4. A man moves 2 tons of coal 12 ft. How much work is this in ft.lbs? 

5. A man pushes a wheelbarrow a distance of 400 ft. and exerts a 
pressure of 40 pounds. How much work does he do? 



ERIC 



oil 



20 



Power 



Alignment III-C-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the meanings of the terms power and horsepower 

2. Be able to relate power to work and time. 

3- Understand the relationship between power and horsepower. 

Information: Power is defined as the rate of doing work. The units used are 
foot— pounds and time. From our previous lessons, we know that work is 
measured in foot- pounds, if we use minutes as a unit of time, then power 
will equal work per minute of ft.lbs. per minute, 

One horsepower is defined as the power necessary to perform work at the 
rate of 33,000 ft.lbs. per minute. Putting it another way, every time 
33,000 ft.lbs, of work per minute is done, one horsepower was required to 
do it. 

Reference: Principles of Refrigeration, Dossat 

Procedure: After you have studied the listed reference, answer the following questions 
and be prepared to discuss each. 

Assignment: 1. Define the term potyer. 

2. Define the term horsepower. 

3. How does work and time relate to power? 

4. How does power relate to horsepower? 

5. State a rule to find horsepower if the amount of work done and the 
time are known. 
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Horsepower 



Assignment III-C-2 



Objective: Upon completion of this lesson, the student will be able to figure 
horsepower problems. 

Information: Wc knew from our previous lessons that work is equal to force X distance 
and is rated in foot-pounds. When the unit of time in seconds or minutes 
is introduced, it becomes the rate of doing work or power. Let us see if 
we can tie this all together: 

Power is the rate of doing work. Power = wor ^ 

time 

But work = force X distance 
(force in pounds) 
(distance in feet) 

Power then is equal tc foot-pounds divided by time. 

p 0wer = foot-pounds 
time 

It was found by experiment that a horse can lift 550 lbs. 1 foot in 1 
second or 33,000 lbs 1 foot in 1 minute. That is where the term 
horsepower comes from. 

It can therefore be stated that 1 mechanical horsepower is equal to 33,000 
ft. lbs. of work per minute. 

1 mech. hp = 33,000 ft.lbs./min. 

Example: An engine does 140,000 ft.lbs. of work in 4 minutes. Find its 

horsepower. 

Power - Z°± 
time 

= 140 ' 000 = 35,000 ft.lbs. 

4 

1 hp = 33,000 ft.lbs. /min. 

Procedure: After you have studied the information and example, do the following 
assignment: 

Assignment: 1. An^ engine can do 68,000 foot-pdunds of work in 2Vi minutes. Find its 
horsepower. 

2. What horsepower is needed to lift a 4-ton beam 60 feet in 4 minutes? 

3. A pump delivers 40 cu.ft. of water per minute from a depth of 280 ft. 
Water weighs 62.5 lbs. per cu.ft. Find its hp. 

4. Find hp needed for an elevator to lift 4,800 lbs. 220 ft. in 2 { A 
minutes. 
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Energy 



Assignment III-D-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know what energy is. 

2. Know the difference between potential and kinetic energy. 

Information: Energy is required to do work of any kind. We say a body possesses 
energy if it has the ability to do work. Energy can be in two basic forms: 
potential or kinetic. 

Potential energy is the energy a body possesses due to its position or 
shape. Examples of potential energy would be: a weight held above a floor 
or a slingshot in a firing position. Both possess potential energy. One is 
because of location or position, and the other is because of shape. 

Kinetic energy is the energy a body possesses due to its motion. An 
example would be a moving train. Energy is measured in foot-pounds. This 
can be visualized if you think of energy as stored work. 

Reference: Principles of Refrigeration, Dossat 

Procedure: After you have studied the listed reference, answer the following questions 
and be prepared to discuss each. 

Assignment: 1. What is energy? 

2. What is potential energy? 

3. What is kinetic energy? 

4. How are work and energy related? 

5. What units are used to measure energy? 

6. Give an example of each form of energy and explain why you think it 
is of that form. 
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Basic Theory of Heat 



Assignment III-E-1 



Objectives: Upon completion of this lesson, the student will: 

1. Recognize heat as a form of energy. 

2. Recognize that heat or removal of heat can effect the state of a 
substance. 

Information*; Heat is a form of energy. We can understand this if we think of the 
molecules in a substance being in motion. But to have motion the 
molecules must possess energy, and energy due to motion is kinetic 
energy. 

If we add heat to this substance, we would cause the molecules to increase 
their velocity. This would show an increase in energy. 

If we remove heat, the opposite effect would take place. We can now say 
that heat causes molecular motion. 

There are three states of a substance: solid, liquid, vapor or gaseous. For 
example: water when it is solid is ice; when it is liquid it is water; when it 
is gas it is steam. The change into or from one state into another requires 
the addition or removal of heat. An example is when you add heat to ice, 
it changes into water. If you continue to add heat, it will turn into steam. 
The opposite is also true. 

Reference: Principles of Refrigeration, Dossat 

Procedure: After you have studied the listed reference, answer the following questions 
and be prepared to discuss each: 



Assignment: 1. What is heat? 

2. Describe how heat causes molecular motion. 

3. What are the effects when heat is applied to a substance? 

4. How many states can a substance be in? 

5. Give an example of a substance going from a solid to a gas. 
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Measurement of Heat 



Assignment III-E-2 



Objectives: Upon completion of this lesson, the student will: 

1. Be able to read the scales used on thermometers. 

2. Know what temperature is. 

3. Know what BiIlLli thermal unit is. 

4. Know the difference between latent and sensible heat. 

Information: The thermometers used in engineering have Fahrenheit or Centigrade 
scales. Thermometers measure the intensity of heat, not the quantity of 
heat. 

A British thermal unit (B.t.u.) is the unit used to measure the quantity of 
heat. A B.t.u. is defined as the heat necessary to change the temperature 
of one pound of water one degree Fahrenheit. 

Sensible heat is heat that will change the temperature of a substance but 
not its state. An example would be if you added heat to water and the 
temperature changed from 45° to 55°. You would have added sensible 
heat. 

Latent heat is heat that will change the state of a substance without a 
change in temperature. An example would be that when water starts to 
boil, if you continue to add heat, the water changes to steam but the 
temperature does not change. 

Sensible heat can be added or removed in the solid, liquid or the gaseous 
state. 

Latent heat can be added during a change from a solid to a liquid, or 
during a change from a liquid to a gas. 

The removal of heat would cause the opposite effect to take place. 
Latent heat of fusion is the heat necessary to change the state of one 
pound of a substance from a solid to a liquid. 

Latent heat of vaporization is the heat necessary to change the state of 
one pound of a substance from a liquid to a gas. 

Reference: Principles of Refrigeration, Dossat 

Procedure: After you have studied the listed reference, answer the following questions 
and be prepared to discuss each. 
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Assignment: 1. Define the term British thermal unit (B.t.u.). 

2. Explain latent heat of fusion. 

3. Explain latent heat of evap ^ration. 

4. What is temperature? 

5. Explain the two basic systems used for temperature measurement. 

6. What is meant by absolute temperature? 

7. Define sensible heat. 

8. What is meant by the terms intensity of heat and quantity of heat? 
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Temperature Conversion 



Assignment III-E-3 



Objectives: 



Upon completion of this lesson, the student will be able to: 

1. Convert °F to °C. 

2. Convert °F to Absolute Scale. 

3. Convert °C to °F. 

4. Convert °C to Absolute Scale. 



Information 



Examples: 



Procedure: 



There are times when it is necessary to convert Fahrenheit to Centigrade 
or Centigrade to Fahrenheit. It is also necessary to be able to convert 
Fahrenheit and Centigrade to Absolute Temperature in order to solve 
certain problems. Looking at the attached sketch we see that between the 
freezing point and boiling point there are 100° on the Centigrade scale and 
180° on the Fahrenheit scale. Therefore, 180° F is equal to 100° C. if we 
were to divide both by 10, we would have a smaller ratio of 18 F degrees 
being equal to 10 C degrees (or 1.8 to 1). If we multiply Centigrade 
degrees by 1.8 we would have the corresponding number of degrees 
Fahrenheit. However, since 32° F is equivalent to 0° C we would have to 
add 32° in order for the reading to correspond on both scales. This leaves 
us with the following formulas: 

°F = f°C X 1.8) + 32 or °C = ° F ~ 32 

1. What would 60° Centigrade be on the Fahrenheit scale? 
°F = (60 X 1.8) +32 

= 108.0 + 32 
= 140° F 

2. What would 180° F be on the Centigrade scale? 



3 C 



= 180 - 32 
1.8 

= ili 
1.8 

= 82.22°C 

To convert a reading on the Fahrenheit scale to Absolute Temperature, 
add 460° on the Centigrade scale and add 273 . 

After you have read the information and studied the examples, do the 
following problems: 
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Assignment: Convert the following to degrees Fahrenheit or degrees Centigrade as 
indicated: 

Centigrade Fahrenheit 

1. 32° 1. 

2. 2. 35° 

3. 45° 3. 

4. 4. 96° 

5. 40° 5. 

6. 6. 20° 

Convert the answers above to Absolute degrees. 
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Transmission of Heat 



Assignment III-E-4 



Objective: Upon completion of this lesson, the student will be able to describe three 
methods of heat transmission and give examples of each. 

Information: Heat flows ..from one substance to another if a temperature difference 
exists. It flows from the high temperature to the lower one. The rate of 
heat transfer is proportional to the temperature difference between the 
two substances. 

There are three methods of heat transfer: conduction, convection, and 
radiation. 

Conduction occurs when molecules come into direct contact with each 
other and energy is passed from one to the other. If you heat the end of a 
metal rod, heat will flow by conduction to the other end. By heating the 
end of the rod, you make the molecules move faster. They in turn came 
into contact with molecules next to them and gave up some of their 
energy. This continues until the rod has a uniform temperature along its 
length. 

Convection takes place when heat is transferred by currents in a fluid. In a 
pot of water if heat is applied at the bottom, the warm water rises and is 
replaced by cooler water. This sets up a current that continues as long as 
heat is being applied. Air currents act in the same way. The air above a 
radiator is warm and will rise, and is replaced by cooler air from the 
bottom. 

Radiation takes place when heat is transferred by a wave motion. Heat 
reaches the earth from the sun by radiation. When you open a furnace 
door you feel the heat from the fire immediately. This also is by radiation. 

Reference: Principles of Refrigeration, Dos sat 

Procedure: After you have studied the listed reference, answer the following questions 
and be prepared to discuss each. 

Assignment: 1. Explain the movement of heat. 

2. What are the methods of heat transmission? 

3. Explain each method of heat transmission. 

4. How is heat from the sun transmitted? 

5. How is heat conducted along a metal? 

6. Explain how air in a room is heated. 
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Mechanical Equivalent of Heat 



Assignment III-E-5 



Objectives: Upon com;/' tion of this lesson, the student will be able: 

1. To define: mechanical equivalent of heat. 

2. To convert heat units (B.t.u.'s) into mechanical units (ft.lbs.). 

Information: Heat is a form of energy and is therefore convertible into other forms of 
energy. From our previous lessons you will recall that mechanical energy 
was measured in foot-pounds and heat was measured in British thermal 
units (B.t.u.'s). It has been determined by experiment that one B.t.u. is 
the equivalent of 778 ft.lbs. of mechanical energy. This is known as the 
mechanical equivalent of heat. 

To convert B.t.u.'s to ft.lbs. you multiply the number of B.t.u. 's by 778. 
ft.lbs. = B.t.u.'s X 778 

To convert ft.lbs. to B.t.u.'s you divide total ft.ibs. by 778. 
Reference: Principles of Refrigeration, Dossat 

Procedure: After you have studied the listed reference, answer the following questions 
and be prepared to discuss each. 

Assignment: 1. Explain what is meant by the term, mechanical equivalent of heat. 

2. What is the mechanical equivalent of heat? 

3. How do you convert British thermal units into foot-pounds? 

4. How do you convert foot-pounds into British thermal units? 
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Mechanical Equivalent Conversions 



Assignment III-E-6 



Objectives: Upon completion of this lesson, the student will be able to: 

1. Convert B.t.u.'s to foot-pounds. 

2. Convert foot-pounds to B.t.u.'s. 

Information: It is important that you know that mechanical energy is convertible to 
heat energy, and that heat energy can be converted to mechanical energy. 
Let's review some basic tacts: 

1. Heat is energy. 

2. Energy is the ability to do work. 

3. The intensity of heat is measured in °F or °C. 

4. The amount of heat is measured in B.t.u.'s. 

5. A B.t.u. is the amount of heat necessary to raise the temperature of 
1 lb. of water 1°F. 

6. Force is a push or pull; it is measured in pounds. 

7. Work involves force (in pounds) and distance (in feet). When a force is 
applied and moves an object a distance, work is done. 

8 Work is equal to force (in lbs.) X distance (in feet) or foot-pounds. 

It has been determined through experiments that one B.t.u. is equivalent 
to 778 ft. lbs. of mechanical energy. This is known as the mechanical 
equivalent of heat. It should be quite obvious that to convert B.t.u.'s to 
foot-pounds, you must multiply B.t.u.'s X 778. 

Foot-pounds = B.t.u. X 778 

To convert foot-pounds to B.t.u.'s you divide foot-pounds by 778. 

H t - Foot-pounds 
' ' U ' 778 

Example: The total amount of heat 1 lb. of steam has as it leaves the boiler is 1,200 
B.t.u. per pound. What would this be in foot-pounds? 

ft.lbs. - B.t.u. X 778 
= 1200 X 778 
933,600 ft.lbs. 

Procedure: After you have studied the information and sample problem, do the follow- 
ing problems: 

Assignment: 1. There are 33,000 ft.lbs./min. in a mechanical horsepower. How many 
B.t.u/s is this the equivalent of? 
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Air conditioning units are rated in B.t.u.'s removed per hour. How 
much work in foot-pounds per hour would a 10,000 B.t.u, unit 
perform? 

A ton of refrigeration is the removal of 200 B.t.u.'s per minute or 
12,000 B.t.u.'s per hour. In each case how many foot-pounds of work 
does this represent? 

1 boiler horsepower is equal to 34.5 pounds of water evaporated per 
hour from and at 212°F. 

The latent heat of evaporation is 970.3 B.t.u.'s per pound. 
How many foot-pounds are in a boiler horsepower? 



4 i 



34 



Charles' Gas Laws 



Assignment III-F-1 



Objectives: Upon completion of this lesson, the student wall: 

1. Know the volume-temperature relationship of gases when the pressure 
remains constant. 

2. Know the temperature-pressure relationship of gases when the volume 
remains constant. 

3. Know how to apply Charles' Laws. 

Information: The relationship between the volume, temperature, and pressure of gases 
follows definite laws. Charles' First Law is for a constant pressure 
process. It states: if you heat a gas at a constant pressure, the volume will 
increase as the temperature increases. A decrease in temperature will have 
the opposite effect. You would get a decrease in volume. This can be 
written as: 

Tx T 2 

where V x and Tj are the volume and temperature of the gas before 
heating or cooling, and V 2 and T 2 are for after heating and cooling. 
Charles' Second Law is for a constant volume process, and states: if you 
heat a gas at a constant volume, the pressure will increase as the 
temperature increases. A decrease in temperature would have the opposite 
effect', you would get a decrease in pressure. This can be written as, 

T x ~T 2 

where Pi and T x are the pressure and temperature of the gas before 

heating or cooling and P 2 and T 2 are after heating or cooling. 

In the above discussion, temperature is measured in (Rankine) absolute 

degrees. Volume is in cubic feet and pressure is in pounds per square inch 

absolute. 
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Reference: Principles of Refrigeration, Dossat 

Procedure: After you have studied the listed reference, answer the following questions 
and be prepared to discuss each: 

Assignment: 1. Explain Charles' First Law (constant pressure). 

2. Explain Charles' Second Law (constant volume). 

3. Write each law as a formula. 

4. Show each of Charles' laws using a diagram or sketch. 
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Solving Pressure Problems 



Assignment III-F-2 



Objective: Upon completion of this lesson, the student will be able to use Charles' 
Gas Laws to solve volume and pressure problems. 

Information: 1. From your previous lesson you know that if the pressure on a gas is 
kept constant, its volume will change in direct proportion to its 
temperature. This can be expressed by using the following formula: 

Volume (1) = Volume (2) 
Temperature (1) Temperature (2) 

Vi V, 
Tj T 2 

Example: A. What is the volume of 10 cubic feet of gas at 90° F if it is heated to 
200° F? 

V x _ V 2 Vi X T 2 

T x ~ T 2 V2 T x 

fa d 1 * \/ — 10 X (200 + 460) 

Note: Degrees Rankine V 2 1 L 

6 90 + 460 

w _ 10 X 660 
V o ~~ — — — — — 

7 550 
V 2 = 12 cu.ft. 

Charles' Law also states that if the volume of a gas is kept constant, 
its pressure will change directly proportional to its temperature, or: 

Pressure j _ ^ P ressure 2 
Temperature! Temperature 2 

Ti T 2 

Example: B. Find the pressure on a gas tank that has been heated from an initial 
temperature of 90° F at 100 p.s.i.a. to 200° F. 

p i - ? 2 p = Pi X T 2 

T, ~ T 2 ^ 2 T a 



T x ~ T 2 2 T 

Note: Rankine scale. Pressure in absolute 

p _ 100 X (200 + 460) 
2 90 + 460 

p _ 100 X 6.60 
2 500 

P 2 = 120 p.s.i.a. 
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Procedure: After you have studied the information and examples, do the following 
assignment: 

Assignment: 1. A gas with an initial temperature of 60° F has a volume of 5 cu.ft. It 
is heated at a constant pressure to 580° F. What is its final volume? 

2. A gas having an initial temperature of 80° F is cooled at a constant 
pressure until its temperature is 40° F. If the initial volume of the gas 
is 8 cu.ft., what is its final volume? 

3. A gas has an initial temperature of 80° F ari a pressure of 30 p.s.i. if 
the gas is heated until the final pressure is 50 p.s.i. what is the final 
temperature in ° F when the volume is kept constant? 

4. A gas tank has a pressure of 15 p.s.i. a. and a temperature of 50° F. At 
what temperature would the pressure double? 
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Boyle's Law 



Assignment UI-G-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the pressure-volume relationship of gases when the temperature 
remains constant. 

2. Know the formula derived from Boyle's Law. 

Information: You know that there is a relationship between the volume, temperature, 
and pressure of gases and that gases do follow definite laws. Boyle's Law 
is for a constant termperature process, and states: For each change of 
pressure, there is an inverse change of the volume. This is the same as 
saying: When the pressure goes up the volume goes down or when the 
pressure goes down, the volume goes up (increases). This can be written 
as: 



P = _L 



p =-L 
?2 v 2 



or ? 1 V l = P 2 V 2 



where P t and V t is the condition before change and P 2 , V 2 is the 
condition after change. Temperature is constant. In the above discussion, 
pressure is measured in pounds per square inch absolute. Volume is in 



cubic feet. 



Reference: Principles of Refrigeration, Dossat 

Procedure: After you have studied the listed reference, answer the following questions 
and be prepared to discuss each. 

Assignment: 1. What is the formula derived from Boyle's Law? 

2. Show and explain Boyle's Law with the use of a sketch. 

3. State Boyle's Law as it is written. 
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Solving Pressure-Volume Problems 



Assignment III-G-2 



Objective: 



Information: 



Example: 



Upon completion of this lesson, the student will solve pressure-volume 
problems by using Boyle's Law. 

Boyle's Law states that the volume of a gas will vary inversely with its 
pressure if the temperature remains constant. That is: 



vr 



or PjVj = P 2 V 2 



This formula can be used to solve many pressure-volume problems. 

1. If one cubic foot of air is expanded at constant temperature to 2 

cubic feet and the initial pressure was 100 p.s.i.a., what is the final 
pressure? 
PiV x = P 2 V 2 



Pi = 



p 2 = 



v 2 

100 X 1 



Procedure: 



Assignment: 



P 2 = 50 p.s.i.a 

2. In the problem above, what will the final volume be if the final 
pressure is 200 p.s.i.a.? 

PiV, = P 2 V 2 



V, = 



100 X 1 
200 



V 2 = .5 cu.ft. 

After you have studied the information and examples, complete the 
following assignment: 

1. 5 pounds of air arc expanded at a constant temperature from an initial 
volume of 5 cu.ft. to a final volume of 10 cu.ft. If the initial pressure 
of the air is 20 p.s.i.a., what is the final pressure? 

2. 4 cu.ft. of gas arc allowed to expand at a constant temperature from 
an initial pressure of 8 p.s.i.a. to a final pressure of 2 p.s.i.a. What is 
the final volume of the gas? 



h 1 

41 

ERIC 



Find the initial pressure 

a. P, = 

V, = 15 cu.ft. 

P 2 *= 45 p.s.i.a. 

V 2 = 60 cu.ft. 

c. P, = 

V! = 30 cu.ft. 

P 2 - 75 p.s.i.a. 

V 2 = 90 cu.ft. 

Find the final pressure c 



r volume of the following: 
b. Pi = 110 p.s.i.a. 

P 2 = 55 p.s.i.a. 
V 2 = 500 cu.ft.. 

d. - P x - 80 p.s.i.a. 

P 2 = 40 p.s.i.a. 
V 2 = 250 cu.ft- 

volume of the following: 



Pi = 180 p.s.i.a. 220 p.s.i.a. 225 p.s.i.a. 160 p.s.i.a 

W 1 = 30 cu.ft. 250 cu.ft. 60 cu.ft. 125 cu.ft. 

P 2 = 150 p.s.i.a. 80 p.s.i.a. 

V 2 = 120 cu.ft. 110 cu.ft. 
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General Gas Law 



Assignment HI-H-1 



Objective: 



Information: 



Reference: 
Procedure: 

Assignment: 



Upon completion of this lesson, the student will know what the General 
Gas Law is. 

The combining of Charles' and Boyle's Laws gives the basis for the 
General Gas Law. The law states that the product of the pressure and the 
volume divided by the temperature, is equal to the product of the pressure 
and the volume divided by the temperature. This is the same as saying: 



Ti 



P2V2 
T, 



Before change After change 

The unit used will be: 

Pressure - p.s.i.a. (pounds per square feet absolute). 
Volume - cu.ft. (cubic feet). 
Temperature - °R (degrees Rankine). 

Principles of Refrigeration, Dos sat 

After you have studied the listed reference, answer the following questions 
and be prepared to discuss each: 

1. What is the General Gas Law? 

2. What is the General Gas Law formula? 

3. How is the gas formula used? 
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Solving Pressure-Temperature-Volume Problems Assignment HI-H-2 

Objective: Upon completion of this lesson, the- student will be able to solve 
pressurc-tcmperature-volume problems using the General Gas Law. 

Information: When Charles' and Boyle's Laws arc combined, we have what is commonly 
known as the General Gas Law. 

Charles' Laws are expressed as: 

V, = V2 Pi _ P 2 

T, T 2 Tj " T 2 



Boyle's Law states that: 



1 D - I 



P,=^ P 2 ^orP lVl =P 2 V 2 
Now by combining Charles' Laws and Boyles' Law, we find that: 

P. V. _ P2V2 
T, T 2 . 

This formula can be used to solve many pressurc-volumc-tempcrature 
problems. 

Example: 1. From the following data what is the final gas volume? 



p. = 


15 p.s.i. 


v, = 


1 cu.ft. 


T, = 


70° F 


P 2 = 


30 p.s.i. 


v 2 = 




T 2 = 


600° F 


P, V, 


P 2 V 2 




T 2 



T, P 2 530 X 30 



1 cu.ft. 



2. Transpose for each unknown and substitute values from Example 1. 

P, V, _ P : V 2 
T, ~ T 2 

, r P^V.T, 30 X 1 X 530 

Solve for P, P, = = j x — = 15 p.s,.a 

o i r P^V.T, 30 X 1 X 530 , 

Solve for V, V, = = 15 x 1Q6Q = 1 cu.ft. 

c 1 f t T _ Pi V|T 2 _ 1 5 X 1 X 1060 _ o 
Solve for T, f, f3 -r 7 — y ■ 530 R 
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Solve tor P 2 
Solve for V 2 
Solve for T 2 

Procedure: After you have scudied the information and examples, complete the 
following assignment: 

Assienment: 1. Solve for unknown values: 





Pi 


v, 


T, 


P 2 


v 2 


T 2 


A. 


100 


5 


600 


250 


10 


p 


B. 


50 


10 


650 


150 


p 


850 


C. 


30 


25 


700 


p 


15 


1400 


D. 


250 


10 




100 


5 


600 


E. 


150 


? 


1300 


50 


10 


650 


F. 


? 


15 


1400 


30 


25 


700 



Note: All above values arc in absolute - p.s.i.a. 

- °Rankine 

- cubic feet 

2. How many times will a gas expand in a turbine if the initial 
temperature is 1500°R, the pressure is 500 p.s.i.a., and the volume is 
100 cu.ft. At the end the pressure is 1 p.s.i.a. and the temperature is 
500°R. 

Hint: How many times will the volume change? 



P - Pi v iT 2 
- ~ T,V 2 

_ Pi V.T 2 



V, = 



T, = 



T,P 2 

P 2 V 2 T, 
P,V, 



15 X 1 X 1060 

~~ 530 X 1 

15 X 1 X 1060 
530 X 30 



= 30 p.s.i.a. 
= 1 cu.ft. 



30 X 1 X 530 0 „ 
15 X 1 = 1060 R 
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Saturated and Superheated Vapors 



Assignment 



Objectives: Upon completion of this lesson, the student will know; 

1. The meaning of the term saturated vapor 

2. The meaning of the term superheated vapor 

Information: Saturated vapor is a. vapor at a temperature that corresponds with its 
pressure. Any removal of heat from the vapor would cause a portion of 
the vapor to turn back into the liquid state. For an example: Water is 
heated and starts to boil at 212° F at zero p.s.i. pressure. The steam 
leaving the water is also at 212° F and will remain so unless the pressure 
is changed. (See Fig. III-M-1, saturated vapor.) 

Superheated vapor is a vapor that is at a temperature above its 
corresponding pressure. Heat has been added to the vapor after it is 
removed from its liquid. An example of this would be: If you took the 
saturated steam vapor in part one and put it through a heater to add heat, 
you would increase its temperature but not its pressure. You would 
therefore have superheated steam. (Sec Fig. III-M-2, superheated vapor.) 

Reference: Principles of Refrigeration, Dossat 



Procedure: 



Assignment: 



After you have studied the listed reference, answer the following questions 
and be prepared to discuss each: 

1. What is the saturation temperature of water vapor at atmospheric 
pressure? 

2. What is meant if one says that a vapor is saturated? 

3. What is superheated vapor? 

4. How can you remove superheat from steam? 

5. Show with the use of a sketch how you could get saturated steam and 
superheated steam. 
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Basic Hand Tools 



Assignment IV-A-1 



No Related Science. Basic tools will be thoroughly licensed in the shop. 
Suggested film: A. B.C. of Hand Tools 
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Basic Steam Heating Systems 



Assignment V-A-l 



Objective: Upon completion of this lesson, the student will know how a basic steam 
heating system works. 

Information: The purpose of any steam heating system is to change the chemical energy 
in the fuel to heat energy in the steam. In order to accomplish this, the 
steam system must be able to produce steam in large quantities. Using 
Schematic V-A-l -1, let us trace out a basic steam heating system. 

The steam must pass from the boiler (1), to the main steam line (2). 
through the main boiler stop valve (3), to the main header (4). From the 
main header it goes to the main branch lines (5), through the main branch 
shut-off valves (6), to the risers(7). Here the steam is led to heater (8), 
where it gives up its heat, condenses back to water, passes through traps 
(9) back to the return lines. Air is removed from the main branch lines 
and risers by quick vent valves (12). Air is removed from the heater by 
heater vent valves (11)- Strainers and traps (10) arc also located on the 
main header and main branch lines to remove condensate from the lines. 



Reference: 



Manufacturers' data sheets 



Procedure: 



Assignment: 



After you have studied the listed references, answer the following 
questions and be prepared to discuss each in class: 

1. What is the main purpose of a steam heating system? 

2. How is this purpose accomplished? 

3. What happens to steam as it gives up its heat? 

4. What is condensate? 

5. Why must condensate be returned to the boiler? 
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Pressure and Vacuum Heating Systems 



Assignment V-A-2 



Objective: Upon completion of this lesson, the student will know the difference 
between pressure and vacuum heating systems. 

Information: From our previous lesson we learned that the basic function of any steam 
heating system is to convert chemical energy into heat energy. Heat energy 
in the form of steam must be delivered through a system of pipes to its 
work area where it gives up its heat and turns back to water. This water 
known as condensate must be returned, again through a system of pipes 
called return lines, back to the boiler. 

The difference between a steam pressure system and a steam vacuum 
system is the vent valves. In a vacuum system there arc no vent valves. 

Let us see how a pressure system work's. First - the boiler should have 
better than half a gage glass of water. The rest of the system lines and 
heaters will be full of air. 

Second: As heat is applied to the boiler, it will slowly start to build up 
steam pressure. As the steam leavns the boiler it will start to fill the steam 
lines. 

Vents (sometimes referred to as quick vents) which should be located at 
the ends of the mains will allow the air to escape ahead of the steam. The 
steam traveling up the risers will start to fill the heating units. 

These heating units will also be equipped with vent valves which remain 
open allowing the air to escape. They remain open until there is about Vi 
to 3/4 pounds of steam in the unit, at which time they close. If a heater 
vent valve is defective and air cannot escape, thu heater will become air 
bound; no steam can enter and the unit will remain cold. 

Heaters should be equipped with adjustable vent valves so that units 
farthest from the boiler will be set with largest air discharge openings to 
relieve air more quickly. Those closest to the boiler will have smaller air 
discharge openings. In this way heaters will warm up at about the same 
rate. 

A vacuum system is a closed system - no air can enter. This enables the 
steam to enter the heating units faster, under a slight vacuum. 

Reference: Manufacturers' data sheets and catalogs 

Procedure: After you have studied the listed references, answer the following 
questions and be prepared to discuss each in class: 
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Assignment: 1. How is chemical energy in fuel converted to energy? 

2. What is the basic difference between a pressure and a vacuum heating 
system? 

3. How is the air removed from steam mains and heating units in a 
pressure system? 

4. If you had a room at the end of a building that was not heating fast 
enough, what would you do to correct this condition? Explain in 
detail 
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Basic Hot Water Heating System 



Assignment V-B-l 



Objective: Upon completion of this lesson, the student will know how a basic hot 
water heating system works. 

Information: The basic purpose of any hot water heating system is to change the 
chemical energy in the fuel to heat energy in the hot water. When water 
gives up its heat in a heating unit, it is giving up some of its sensiblt heat. 
Sensible heat is heat that will change a substance's temperature but not its 
state. The water then must return to the boiler to be reheated. 

It is important to note that steam radiators can be 1.6 times smaller than 
hot water radiators because each pound of water conveys only about 1/5 
times the amount of heat that 1 pound of steam can convey. It is 
therefore necessary to circulate 50 times more water (by weight) than 
steam to produce the same amount of heat. 

Hot water systems are designed to operate at about 180° F compared to 
212° F for steam — again proving the need for corresponding greater hot 
water radiator surfaces. In a steam system, the only water is found in the 
boiler and the return lines. In a hot water system, all lines are filled with 
water. 

Reference: Manufacturers' data sheets and catalogs. 

Procedure: After you have read the listed references, answer the following questions 
and be prepared to discuss each: 

Assignment: 1. How does the hot water system differ from a steam system? 

2. Explain which system needs the larger radiators. 

3. What medium is used to carry the heat energy in the system we have 
just discussed? 

4. What is the usual operating temperature of a hot water heating 
system? 
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Natural Circulation Hot Water System 



Assignment V-B-2 



Objective: Upon completion of this lesson, the student will know how a natural (or 
gravity) hot water circulation heating system works. 

Information: Natural or gravity hot water heating systems have been in use for many 
years. The use of circulating pumps was introduced to the system in the 
early 1930 , s. 

Let us first look at the natural (gravity) system. In a natural circulation 
system, the circulation of hot water is caused entirely by the difference in 
density (weight per unit volume) of the water flowing to the heaters and 
the cooler water returning to the boiler. Water when heated expands so a 
gallon of hot water will have less weight than a gallon of cold water. 

Check this in the following sketch. Water is heated in the boiler (1). It 
expands and becomes lighter in weight and flows us through the supply 
line (2). The water in the heaters (3) being cooler and therefore heavier, 
will flow down through the return line (4) to the boiler. We now have 
created a simple natural or gravity system circulation. 

At this time we should mention the expansion tank (5). It is located at 
the highest point in the system, vented to the 'atmosphere and contains 
mostly air. When the water in the system is heated, it expands and 
increases in volume (occupies more space). The expanded water goes into 
the expansion tank. The expansion tank is needed to protect the system. 

if a system holds 25 gallons of water at 70° F, this water would expand 
to about 25.5 gallons when heated to 140° F. Unless there is some way to 
take care of this expansion, the system could burst. 

The natural circulation system worked quite well. Its big drawback is the 
rather small motive force; and in order not to restrict circulation, it is 
necessary to install large piping which is more expensive. 

Reference: Manufacturers' data sheets and catalogs 

Procedure; After you have read the listed references, answer the following questions 
and be prepared to discuss each in class: 

Assignment: 1. What causes the circulation in a natural or gravity hot water heating 
system? 

2. List the three effects of heating water. 

3. Where is the expansion tank located and what purpose does it serve? 

4. Do you think it would be possible to have a natural circulation system 
without an expansion tank? Explain. 
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Forced Circulation Hot Water System 



Assignment V-B-3 



Upon completion of this lesson, the student will know how a forced 
circulation hoc water heating system works. 

Hot water heat has the advantage of providing steadier heat than steam. It 
docs cost more to install, but it could hold the cost of fuel from 10 to 
15% lower than a steam system. However, it is difficult to heat long low 
buildings because of the low velocity in the natural circulation system. 
Then circulating pumps were added to the system. With the forced 
circulation hot water system, all the objections to the natural circulation 
system were overcome. It was possible to reduce heater and pipe sizes. 
The increased circulation made possible an almost instant supply of hot 
water to the heaters when needed. Let us look at a forced hot water system. 

Basic Equipment 

1. Boiler - serves the same purpose as in a natural circulation system. 

2. Flow control valve - opens when the circulating pump runs, and 
closes when the pump stops. This prevents circulation of water to the 
heater due to natural circulation. 

3. Divcrtcr fitting - shaped fitting which is carefully designed to 
cause enough resistance to ensure the right amount of hot water 
getting to heater. 

4. Compression tank - tank that provides for the expansion o f the 
heated water. Air is also compressed to provide a cushion and protect 
the boiler from water hammer and sudden pressure shocks. 

5. Relief valve - safety device set to open if pressure in system goes over 
30 D.s.i. 

6. Circulating purnp — centrifugal pump which is electrically operated, 
thermostatically controlled, and circulates the heated water through 
the system. 

7. Pressure reducing valve — found on the city water line near the boiler. 
Reduces city water pressure to 12 to 18 p.s.i., thus maintaining a 
constant pressure. 

References: Manufacturers' data sheets and catalogs 

Procedure: After you have read the listed references, answer the following questions 
and be prepared to discuss each in class: 



Objective: 



Information: 
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Assignment: 1. Why was it necessary to add a circulating pump to the basic hot water 
system? 

2. What purpose does the flow control valve serve? 

Why isn't there a flow control valve in a natural circulation system? 

3. What is the purpose of the relief valve? What serves as a relief valve in 
a natural circulation system? 

4. Why can smaller size heaters and pipes be used in a forced circulation 
system? 

5. Which of the two systems that you have just studied can operate at a 
higher temperature? Explain why. 
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Basis Warm Air Heating System 



Assignment V-C-l 



Objective: Upon completion of this lesson, the student will know how a basic warm 
air heating system works. 



Information: In a warm air heating system the medium used to transmit the heat to 
where it is needed is air. In the steam heating system, the medium used is 
steam; and in the water system, it is water. The air is brought from the 
room to a warm air furnace. It passes over the exterior of a combustion 
chamber and flue gas passages and then returned to the room. The 
simplest form of a warm air furnace is shown in the sketch following. 



FLOOR 



GRILL FLOOR 
-REGISTER 




INNER 
LINING 



OUTSIDE 
SHELL 



Fig. V-C-l -1 

It is a pipeless system with the heat delivered only to the room directly 
above the furnace. Warm air moves to other rooms through open 
doorways and stairwells. This system is very ineffective and suitable only 
for small homes or buildings. The circulation again is due to natural 
circulation. Air when heated, much like water, expands, increases in ; 
volume, and decreases in density. This causes it to rise through the open 
register and the colder, more dense air to move down to the furnace to be 
heated. The furnace basically consists of a fire pot and a series of flue gas 
passes surrounded by a metal casing. The air moving through these passes 
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absorbs the heat. The furnace is either welded steel or cast iron. It is 
important that all furnace joints be absolutely air tight to prevent the 
products of combustion from entering the room being heated. The outer 
casing is made of brick, galvanized steel, or aluminum. 

Reference: Manufacturers' data sheets and catalogs 

Procedure: After you have read the listed references, answer the following questions 
and be prepared to discuss each: 

Assignment: 1. List the three mediums used to transmit heat that we have studied so 
far. 

2. What happens to air when it is heated? 

3. Can you give an example of natural circulation of air in nature? 

4. Do you feel the system you just studied was a very effective way to 
heat a house? Explain. 

5. What is the danger of allowing the products of combustion from 
getting into the room being heated? 

6. What precautions are taken to eliminate this danger? 



61 



Natural Circulation Warm Air Heating System Assignment V-C-2 

Objective: Upon completion of this lesson, the student will know how a natural 
circulation warm air heating system works. 

Information: The difference in the density of air is the force that produces circulation 
in a natural or gravity warm air system. The system must be carefully 
designed to allow circulation to take place because this force is very small. 

The furnace as in all heating systems is the starting point for the heating 
system. Here the air is heated, expands, and drops in density. This causes 
it to rise and pass through leaders to the risers which carry it up to the 
rooms being heated. 

The cooler, denser air returns to the furnace through return ducts to be 
reheated. The return air may all come from within the house or some can 
be introduced from the outside. As in a natural circulation hot water 
system, the air ducts must be large because of the small forces involved. 



LEADERS 




FURNACE 



' 1 Fig. V-C-2-1 

The horizontal ducts arc called leaders and the vertical ducts are called 
stacks or risers. Horizontal ducts (leaders) should leave the furnace at the 
same elevation and should be pitched about 1 inch per foot. 

Reference: Manufacturers' data sheets and catalogs 

Procedure: After you have read the listed references, answer the following questions 
and be prepared to discuss each in class: 
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Assignment: 1. Why is design so important in a natural circulation warm air system? 

2. What causes the air to circulate in a warm air system of this type? 

3. What is another name for horizontal and vertical ducts? 

4. Why is it important to have the horizontal ducts leave the furnace at 
the same elevation? 

5. What causes the cooler air to return to the furnace? 
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Forced Circulation Warm Air Heating System 



Assignment V-C-3 



Objective: Upon completion of this lesson, the student will know how a forced 
circulation warm air heating system works. 

Information: From previous lessons wc learned that with natural circulation, the motive 
torce causing circulation was very small. This is true in a natural 
circulation warm air system as well as in a natural circulation hot water 
heating system. To speed up or increase this flow or force in a hot water 
heating system a circulating pump is added. In a forced warm air heating 
system, a blower is used. Look at the sketch of a forced warm air 
circulation system. What makes it work? A properly designed blower 
produces a motive force which overcomes the major difficulty of the 
warm air system. It also makes it possible to remove dirt, dust, and pollen 
by introducing filters into the system. In cold weather the heat loss is 
almost continuous. In a properly designed system, the heat will be 
supplied to each room at the same rate as the heat lost. The furnace 
should be adjusted so that it will operate continously or at least close to 
it. 



Reference: Manufacturers' data sheet and catalogs 

Procedure: After you have read the listed reference, answer the following questions 
and be prepared to discuss each: 

Assignment; 1. What purpose does the blower serve? 

2. What purpose do the filters serve? 

3. Why can't filters be used in a natural circulation warm air system? 

4. Why should the furnace operate as nearly continuous as possible? 
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Firetube Boilers 



Assignment VI-A-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know what firetube boilers are. 

2. Be able to identify the various types of firetube boilers. 

Information: All firetube boilers have the gases and heat of combustion passing through 
tubes that are surrounded by water. They may be classified as follows: 

1. Externally fired 

a. H.R.T. 

2. Internally fired 
a- Locomotive 

b. Scotch marine type 

They are used for low pressure heating maximum 15 p.s.i.g., and in 
process plants up to about 250 p.s.i.g. where steam demands are rather 
small- They must be constructed in accordance to the A.S.M.E. boiler 
code. 



Reference: 1. Low Pressure Boilers 

2. Boiler Room Questons and Answers 

3. Steam Plant Operation 

Procedure: After you have read the listed references, answer the following questions 
and be prepared to discuss each: 

Assignment: 1. What is meant by externally and internally fired? 

2. Why are firetube boilers limited to plants with relatively small steam 
demands? 

3. What is a firetube boiler? 

4. Where are firetube boilers used mainly? 

5- Why do you think firetube boilers are limited to about 250 p.s.i.g? 

6. List at least five types of firetube boilers. 
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Watertube Boilers 



Assignment VI-A-2 



Objectives: Upon completion of this lesson, the student will: 

1. Know what a watertube boiler is. 

2. Be able to identify the various types of watertube boilers. 

Information: All watertube boilers have water passing through tubes that are surrounded 
by the heat and gases of combustion. There are many models and designs 
of watertube boilers. They may be single- or multi-drum, straight tube or 
bent tube, and single pass or multipass. The watertube boiler was 
developed when the requirements for higher steam pressures and larger 
steam capacities increased in industry. The firetube boiler needed such 
large diameters and plate thickness to meet these demands that they were 
no longer practical or safe. 

Reference: Low Pressure Boilers 



Procedure: After you have studied the listed reference, answer the following questions 
and be prepared to discuss each: 

Assignment: 1. What is a watertube boiler? 

2. How does it differ from a firetube boiler? 

3. When would you choose a watertube boiler over a firetube boiler? 

4. Are watertube boilers internally or externally fired? 

5. Why are watertube boilers faster steamers than firetube boilers? 
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Cast-Iron Sectional Boilers 



Assignment VI-A-3 



Objective: Upon completion of this lesson, the student will be familiar with a 
cast-iron sectional boiler. 

Information: Cast-iron sectional boilers are sometimes referred to as watertube cast 
iron boilers. They do not have tubes. They have cast iron sections which 
are joined together to form a boiler. The water passes through these 
sections and the heat and gases of combustion surround them. They arc 
used in low pressure heating plants (maximum pressure 15 p.s.i.g.). If they 
are used to heat a small building, they may have four or five sections. To 
heat a larger building they can have ten, twelve, or more sections. If you 
have ever seen a cast iron radiator you would have noticed that a small 
room has a small three or four section radiator. A large room may have a 
twelve-section radiator because it needs more heat. Can you see the 
comparison? . ... 

Reference: 1. Low [Pressure Boilers 

2. Manufacturers' data sheets and catalogs 

Procedure: After you have studied the listed references, answer the following 
questions and be prepared to discuss each: 

Assignment; 1. What is a cast-iron sectional boiler? 

2. What is the type of service it is used for? 

3. What is the maximum pressure it is capable of carrying? 

4. Why are they made with different numbers of sections? 
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Steam Boiler Trim Assignment VI-B-1 

Objective: Upon completion of this lesson, the student will be familiar with the 
necessary trim needed -to operate a steam boiler. 

Information: There is no chrome trim on a boiler. Everything found on a boiler is there 
for a definite positive reason. It's there for safety, efficiency, or a 
combination of safety and efficiency. Listen to the name and it will 
almost always tell you what purpose it serves. For example, a feed water 
regulator - now just what do you think this piece of equipment does? 

Reference: 1. Low Pressure Boilers 

2. Boiler Room (Questions and Answers 

Procedure: After you have studied the listed references, answer the following 
questions and be prepared to discuss each. 

Assignment: Explain the purpose and location on the sketch VI-B-1 -1 of each of the 
following. 

1 . Safety valve 

2. Pressure-trols 

3. Modulating pressure-troll 

4. Pressure gage 

5. Water column 

6. Try-coc ks 

7 . Gage glass 

(S. Gage glass blow down 
9. Water column blow down 

10. Bottom blow-down valves 

1 1 . Fusible plug 
1 2. Air cocks 
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Hot Water Boiler Trim 



Assignment VI-B-2 



Objective: Upon completion of this lesson, the student will be familiar with the 
necessary trim needed to operate a hot water boiler. 

Information: Hot water boilers are usually low-pressure boilers. There are some 
instances where high-temperature, high-;*ressure hot water boilers are used 
for central heating in large complexes. At this time, we will confine our 
studies to low-pressure, hot water boilers. During the manufacturing, two 
boilers will be built side by side and stamped maximum allowable working 
pressure 15 p.s.i. steam, 30 p.s.i. water. Then when the boilers reach the 
end of the line one will be equipped with steam trim — the other, water 
trim; and that will be the only difference. From our last lesson we learned 
about steam trim. Now let us see what water trim is all about. 



References: Manufacturers' data sheets and catalogs 

Procedure: After you have studied the listed references, answer the following 
questions and be prepared to discuss each: 

Assignment: Explain the purpose and location of the following: 

1. Relief valve 

2. Flow control 

3. Air-trol fitting 

4. Temperature-pressure gage 

5. Aquastat 

6. Pressure-reducing valve (city water) 

7. Bypass reducing valve 

8. Circulating pump 
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Fig. VI-B-2-1 



Steam Accessories 



Assignment VI-C-1 



Objective: Upon completion of this lesson, the student will be familiar with the 
steam accessories and know what they are used for. 

Information: Steam in a boiler is of no use to us at all. We must lead it to where it 
does its work. In a heating system, this work consists of giving up its heat 
in some type of heater, which in turn heats a room. We must have full 
control of this steam at all times. Let us look at some of these accessories 
and the purpose they serve. The following sketch may help. 




Fig. VI-C-1-1 

STEAM PRESSURE SYSTEM 
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1. Boiler - where chemical energy of fuel is turned into heat energy of 
steam. 

2. Main steam line brings steam from boiler to main header. 

3. Main boiler stop valve — valve which allows us to cut boiler in on line 
or take boiler off line (line meaning main header). Boiler stop valves 
are O.S. & Y gate valves (outside stem and yoke valve which shows by 
its position whether it is open or closed) and a gate valve because it 
offers no resistance to flow of steam when in open position. 

4. Main header distribution panel allows more than one boiler to be in 
service and distributes steam to main branch lines. 

5. Main branch line - steam lines that deliver steam to different parts of 
the building. 

6. Main branch shut-off valve — used to take steam off any section of the 
building to make repairs without shutting down whole system. 

7. Risers — vertical steam lines coming off main branch lines bringing 
steam to heaters. 

8. Heater — point in system where steam gives up its heat and in so 
doing turns back to water (condensate) 

9. Trap — automatic device used to increase the over all efficiency of the 
plant by removing air and water from steam lines and heaters without 
the loss of steam. 

10. Strainer and trap — when steam passes through lines some heat is lost. 
This causes condensation - strainers arc placed before the trap to pick 
up any foreign matter that might cause the trap to clog and the trap 
removes the water. They are located at the ends of the main header 
and main branch lines and of course after all heaters. 

11. Heater vent - if the steam system is a pressure system rather than a 
vacuum system, the heater must have a vent to relieve air. Tf the air is 
trapped in the heater, it would become air bound and no steam could 
enter. 

12. Quick vents — located at the end of main branch lines and at the 
highest part of riser - this vents air from lines quickly when building 
up steam pressure in a cold system. They arc not found in a vacuum 
system. 

Reference: Low frcssure Boilers 

Procedure: After you have studied the listed reference, answer the following questions 
and be prepared to discuss each. 
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Assignment: 1. Why are main stop valves needed on a boiler? 

2. What purpose does the main header serve? 

3. What type of valve should be used on main headers and main steam 
lines? Explain why. 

4. Why must there be a trap at the end of the main header and branch 
lines? 

5. Explain what you think would happen if the traps on the main header 
stuck closed. 

6. Why is it not necessary to use heater vents and quick vents in a 
vacuum system? 

7. Describe how three types of traps work. 
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Hot Water Accessories 



Assignment VI-C-2 



Objective: Upon completion of this lesson, the student will know where hot water 
accessories are located and what function they perform in a system 

Information: In order to accomplish our objective in a hot water system, we must be 
able to control the deliver)' of the proper amount of water to heaters. Not 
enough water would result in a^'cold building. The following sketch may 
help you to understand the purpose and location of the hot water 
accessories used. 
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1. Boiler - where water is heated. 

2. Air-Trol fitting - located at top of boiler. A tee-shaped fitting with a 
tube that extends from the supply line down into the boiler water. It 
prevents the air that will accumulate at the top of the boiler from 
entering the supply line and heaters. The air is instead led to the 
compression tank (13). 




3. Flow control valve - located in supply line close to top of boiler. It 
will open when circulating pump (9) starts and close when the pump 
stops. This is necessary to prevent natural circulation which could 
cause an override in room temperature found only on forced hot water 
heating systems. 

4. Supply line — piping that carries heated water to the various heaters in 
the system. It should always be pitched so that the air can be vented 
by either an open expansion tank, heater vents, or air vent valves. Care 
must be taken to allow for expansion and contraction during 
temperature changes. 

5. . Diverter fitting — tee-shaped fitting located in supply main. It allows 

the use of a single supply line rather than a separate supply and return 
line. It must be carefully engineered so that it will introduce the 
proper resistance which will ensure the right amount of water being 
diverted up to the heater. 

6. Heater - the point of the system where heat transfer takes place. 
Heaters will vary in design and material for example: 

a. cast iron radiators 

b. cast iron convectors 

c. copper fin type convectors 

d. unit heaters (wall or ceiling) 

7. Heater vents — vent valves are located at the top part of the heater 
and may be automatic or manual valves. They are used to rid the 
heater of any air that may be trapped. If this air was not removed, the 
heater would become air bound. This restricts or stops the circulation 
of water leading to a cold room. 

8. Return line — piping that returns the water back to the boiler for 
heating. It can be a continuation of the supply line, or in some 
systems there will be a separate return. 

9. Circulating pump — centrifugal pump thermostatically controlled that 
circulates the heated water through the system. This positive 
circulation will make possible the use of smaller supply lines and 
heaters. 

10. Relief valve — considered a fitting rather than an accessory. It was 
discussed in previous lessons, but it is important enough to mention 
again. It is used to protect the system and boiler from rupture due to 
over pressure. It will open when system pressure exceeds 30 p.s.i. 

11. Compression tank shut-off valve - valve for closing the feed to the 
compression tank. Allows tank to be drained if it becomes water 
logged. 

12. Tank fitting and drain - used to separate air from water by sending 
air to top of compression tank during normal operation. It also allows 
air into tank when draining due to water logged condition. 
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13. Compression tank - located above the boiler and used in a forced 
circulation system. It provides a place for the heated water to expand 
and the air above the water to be compressed. This provides a cushion 
against a water hammer. It also maintains a steady pressure in the 
system, if the pressure is increased the boiling point of the water is 
increased. This will allow higher water temperatures to be carried in 
the system resulting in use of smaller heaters. In a natural circulation 
system an expansion tank was used instead of a compression tank. We 
discussed this in the previous lesson. 

14. Temperature-pressure gage - this was mentioned when we discussed 
hot water trim. The temperature-pressure gage is located at the top of 
the boiler. It will record boiler water temperature and pressure in the 
system. An additional red pointer is provided for setting on the 
particular system. This is the normal pressure or altitude that you need 
to maintain for good heating. This pressure is maintained by the 
pressure reducing valve on the city water line. 

15. Pressure-reducing valve - located on city water line. It is factory set at 
about 12 p.s.i. There is an adjustment on top that will enable you to 
increase pressure if the system requires it. There is a strainer built into 
the base of this valve that must be cleaned and inspected at regular 
intervals. The reducing valve should have two valves installed, one 
before it and one after and a bypass valve around it. This will enable 
you to work on the valve without having to dump (empty) the boiler. 
Usually a two-story building will require a 12 p.s.i. pressure on the 
system which is about 25 ft. on the altitude gage. A three-story 
building requires 15 p. si. pressure which is about 35 ft. on the altitude 
gage. It is also recommended that the highest radiation in the system 
have about 4 p.s.i. pressure on it at all times. 

Reference: Manufacturers 1 catalogs and data sheets 

Procedure: After having read the listed reference, answer the following questions and 
be prepared to discuss each. 

Assignment: 1. What function docs the boiler serve? 

2. Why do you think it is important to use an air-trol fitting? 

3. What causes the flow control valve to operate? Can this valve be used 
in all hot water heating systems? 

4. Why are heater vents necessary? 

5. How could you get some circulation in a forced circulation system if 
the circulating pump failed? 

6. What is the maximum pressure allowed on a hot water heating system? 
What protects this system from over pressure? 
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What effect would a water logged compression tank have? • 

Why is it necessary to have a combination temperature-pressure gage 
rather than a straight pressure gage on a system of this type? 

Why is a pressure-reducing valve needed on the city water line before 
it enters the boiler? 
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Warm Air Accessories Assignment Vl-C-3 

Objectives: Upon completion of this lesson, the student will identify the location and 
know the purpose of the following in a warm air system: 

1. Ducts 

2. Filters 

3. Blowers 

4. HumidiHers 

Information: In our previous units we studied the basic warm air heating system and its 
limitations. 



COLD AIR 

\ 



FLOOR 



X t 

La 



f 



GRILL FLOOR 
^^REGISTER 




INNER LINING 



OUTSIDE SHELL 



Fig. VI-G3-1 



ERIC 



Then we studied the natural circulation warm air heating system and 
noted its improvements. 




It was still in need of refinement; and this led to the development of 
forced circulation warm air heating systems. The use of return ducts as 
well as supply ducts added to the control and flexibility of this system. 
By installing dampers in the ducts it enabled the heating technician to 
balance the heating load. This made it possible to supply just the right 
amount of heat wanted, taking individual personal preferences into 
account. 
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Fig. VI-C-3-3 



The filters remove dust and pollen from the air. Filters vary in cost and 
design. It is possible to use throwaway filters, or you can get filters that 
may be washed out and reused. The latest filter on the market is an 
electrostatic filter that claims to be very effective in removal of most 
foreign matter from the air. It is quite beneficial to hay fever and asthma 
sufferers. This drawing shows the location of the filter in the system. 
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Fig. VI-C-3-4 

The blower docs two jobs; it pulls the return air from the rooms and 
pushes the heated air back into the rooms. During this process, the air is 
filtered and heated. 

The air being supplied to the rooms becomes dry after haying been heated. 
This dry heat is very uncomfortable and led to the introduction of 
humidifiers. Humidifiers vary in design but their function is similiar. 

After the air is heated it passes through a humidifier, where a controlled 
amount of moisture is added to the air on its way to the rooms to be 
heated. The added moisture adds to" the comfort of the living area. The 
humidifier has to be checked and cleaned at regular intervals. Some have 
float control valves, which must be maintained if you want to prevent 
flooded heater rooms. 
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Reference: Manufacturers' data sheets and catalogs 

Procedure: Study the listed references, do the following assignment, and bo prepared 
to discuss each in class. 



Assignment: 1. What purpose do the return air ducts serve? 

2. What do you think would happen to the heating system if the filters 
were not cleaned or changed? 

3. Why are the blowers belt driven instead of direct drive? 

4. Are the blowers high or low speed units? Explain your answer. 
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Reciprocating Pump 



Assignment VI-D-1 



Objectives: Upon completion of this lesson the student will: 

1. Be familiar with the theory of operation. 

2. Know the purpose and location of reciprocating pumps. 

3. Know the meaning of the data found on the name plate. 

Information: A reciprocating pump is a positive displacement pump. You will have the 
opportunity in shop to thoroughly examine all its parts and learn how 
they work. Our purpose now is to learn the theory of operation, or why it 
works. How is it possible to supply 100 p.s.i. of steam to a reciprocating 
pump and deliver 400 p.s.i. of water at the discharge side of the pump? 
This can only happen by design. A reciprocating feed water pump has a 
steam side and a water side. The steam piston must be 2 to 2Vi times 
larger in area than the water piston. 

The purpose of any pump is to move a liquid from one location to 
another. In the case of a feed water pump it must take water usually from 
a feed water heater and deliver it to a boiler, at a pressure greater than the 
boiler pressure. If the pressure of the water was less than the boilcr 
pressure, do you think the water would enter the boiler? 

The location of a reciprocating pump will depend on the purpose it serves. 
It is generally found close to the source of the liquid it is to pump. Again 
taking a feed water pump as an example, the pump will be close ^. and 
below the tank or feed wat^cr heater. The reason for this is to give a 
positive suction pressure to the pump. 

All reciprocating pumps have a name plate with certain numbers on it. 
This name plate is most important to the operating engineer. The data will 
tell him the size of his pump and enable him to figure out how much 
steam pressure is needed to obtain a certain discharge pressure. Or, he can 
figure the discharge pressure to be expected by knowing the amount of 
steam pressure on hand to drive the pump. 

The name plate data might read 4X2X6. The numbers arc in inches 

and indicate the following: 

First number - diameter of the steam piston. 

Second number — diameter of the water piston. 

Third number - length of the stroke. 

References: Steam Plant Operation 

Elementary Steam Power Engineering 
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Procedure; After having studied the listed references, answer the following questions 
and be prepared to discuss each in class. 

Assignment; 1. Explain the theory of operation of a reciprocating feed water pump. 

2. Why is it necessary to have the discharge pressure of a pump higher 
than the boiler pressure? 

3. What does the pump name plate data, 8X4X6, mean? 

4. Two reciprocating pumps-have the following name plate data; 

a. 3X2X6 

b. 3X8X12 

Which would you select as a feed water pump and explain why? 
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Use of Force in Reciprocating Pumps 



Assignment VI-D-2 



Objectives: Upon completion of this lesson, the student will: 

1. Understand what is meant by total force = total force. 

2. Find the steam pressure needed by knowing the water pressure 
developed when using total force = total force. 

3. Find the water pressure developed by knowing the steam pressure on 
hand when using total force = total force. 

Information: What is total force? This term will come up all through your studies in 
engineering. It is a basic concept you must understand. 

Total force may be defined as a sum of the forces acting in one direction. 
An example would be steam pressure being applied to the surface area of 
the head of a piston. 
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Fig. VI-D-2-1 



The total force acting on the steam piston would then be the steam 
pressure X the area of the steam piston (the area being in square inches). 
The total force acting on the water piston would be the water pressure X 
the area of the water piston. p J ^"J* Q 
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Fig. VI-D-2-2 



A reciprocating pump 4 X 2 X 6 is being driven with steam at 100 p.si. 
and develops 400 p.s.i. on the discharge side. 

Total Force Steam Side = Total Force Water Side 

Area Steam Side X Steam Pressure = Area Water Side X Water Pressure 

.The area of the piston is found by multiplying D 2 (diameter of piston 
squared) X .7854. 

Therefore, for a 4 X 2 X 6 pump, we get: 
4 2 X .7854 X 100 p.s.i. = 2 2 X .7854 X 400 p.s.i. 
. Or, 4 X 4 X .7854 X 100 = 2 X 2 X .7854 X 400 
12.5664 X 100 = 3.1416 X 400 
1256.6400 = 1256.6400 
Total Force = Total Force 

If you know *;he water pressure developed or needed you can find the 
steam pressure required. 

Pump 6X3X6 develops 600 p.s.i. on the water side. How much steam 
pressure is required to operate this pump? 

Total Force Steam Side = Total Force Water Side 

Area Steam Side X Steam Pressure = Area Water Side X Water Pressure 

D 2 S.S. X .7854 X Steam Pressure = D 2 W.S. X .7854 X Water Pressure 

J&-tt. X ^eST X Steam Pressure = D 2 W.S. X X Water Pressure 

D^-StS. D 2 S.S. X 

D 2 W.S X Water Pressure 
Steam Pressure = ^ 2 ^ 

_ 3 X 3 X 600 
6X6 

= 1 50 p.s.i. required 

If you know the steam pressure available you can find the discharge pressure. 

Pump 6 X 3 X 6 is supplied with 150 p.s.i. steam. What pressure will 
be developed on the water side? 

Total Force Steam Side = Total Force Water Side 

Area Steam Side X Steam Pressure = Area Water Side X Water Pressure 
D 2 S.S. X .7854 X Steam Pressure = D 2 W.S. X .7854 X Water Pressure 
D 2 S.S. X J&rt X Steam Pressure _ D^HftTS- X J$tt X Water Pressure 

d 2 w.s. x jesn j^Mtf^. x jo&r 
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D 2 S.S. X Steam Pressure ... ^ 
p2 ^ s = Water Pressure 

6 X 6 X 150 _ ... 

3 x " 3 Water Pressure 

600 p.s.i. = Water Pressure developed 



Procedure: After having studied the listed examples given, do the following 
assignment. 

Assignment: 1. A reciprocating pump 4 X 2 l /i X 6 uses steam at 200 p.s.i. Find the 
pressure developed on the water side and prove your answer. 

2. A reciprocating pump 5X3X8 must develop 500 p.s.i. on the 
discharge side. Find the steam pressure needed to run this pump and 
pro vour answer. 

3- A sales representative recommends a reciprocating purnp 6 X 4 X 6 to 
use 250 p.s.i. steam. He also states that the pump will develop 800 
p.s.i. on the discharge side. It is your responsibility to OK this 
purchase. Prove that he is right or wrong. 
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Centrifugal Pumps 



Assignment Vi-D-3 



Objectives: Upon completion of this lesson, the student will: 

1. Be familiar with the theory of operation. 

2. Know the purpose and location of centrifugal pumps. 
'3. Know the parts of a centrifugal pump. 

Information: Before going into the theory of operation of a centrifugal pump we should 
understand some basic terminology. 

a. Centrifugal force — the inertia of a body revolved around a 
center tending to move it away from the center. 

b. Kinetic energy — energy due to a body in motion. An example 
of this is a boulder rolling down a hill. 

c. Potential energy — energy that is due to position, not to 
motion. An example of this is a boulder resting at the top of 
the hill. 

Pumping is the addition of energy to a liquid to move it from one point 
to another. One of Mans' oldest aids, the pump, ranks second only to the 
electric motor as the most widely used industrial machine. A centrifugal 
pump enploys centrifugal force to develop a pressure rise for moving a 
liquid. 

There arc five major types of centrifugal pumps today: 

a. volute 

b. diffusar 

c. mixed-flow 

d. axial-flow 
c. turbine 

These five types can be broken down into different categories such as: 

a. single-stage 

b. multistage 

c. nonzon tal 

d. vertical 

c. single suction 
f. double suction 

In addition, to meet industries' demands there arc an infinite variety of 
available pumps manufactured. 
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To better understand how a centrifugal pump works several of the parts 
must be defined. 

a. Impeller - the rotating element in a centrifugal pump through 
which liquid passes and by means of which energy is imparted 
to the liquid. 

b. Casing - the housing surrounding the impeller causing the 
liquid to flow from the pump in a controlled manner. 

As the liquid passes into the rotating impeller, the kinetic energy 
overcomes the potential energy and gives it centrifugal force. Once the 
liquid is thrown from the impeller, the casing guides the liquid to its 
destination. The result is a workable pump for imparting energy to a 
liquid at one point which causes it to move to another point. 

Anything that will flow is pumped, and the purpose of a pump is to move 
a liquid from one point to another under certain conditions at a specified 
pressure and volume. Ultimately the design of the pump depends upon its 
application or service. 

Thus centrifugal pumps arc termed: 

a. boiler-feed g. process 

b. general purpose h. sewage 

c. sump i- trash 

d. deepwell j- booster 

e. condensate k. chemical 

f. vacuum 1- fire 

fn general each pump has specific features of design and material 
recommended by the builder for the particular service. This makes 
selection and application easier, 

The following is a list of parts found on a centrifugal pump describing the 
function of each: 

a. Upper casing removable and directs flow of liquid from 
pump. 

b. Impeller the rotating element in a centrifugal pump through 
which liquid passes and by means of which energy is imparted 
to the liquid. 

c. Lower casing stationary and not removable, directs the flow 
of water from the pump. 

d. Impeller shaft connected at one end to a motor or steam 
turbine: it is used to rotate the impeller. 

e. Shaft bearings supports and allows impeller shaft to rotate. 

f. Coupling method used to attach pump shaft to motor or 
turbine shaft. 

g. Packing gland used to seal liquid into pump. 
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Reference: Manufacturers' data sheets and catalogs 
Practical Power Service Library 
Steam Platit Operation 

Procedure: Study the listed references and the information given; then do the 
following assignment and be prepared to discuss each in class. 

Assignment: 1. How does a centrifugal pump work? 

2. What is the purpose of a centrifugal pump? 

3. Name the parts of a centrifugal pump and describe the function of 
each. 

4. Can any centrifugal pump be used for any application or service? 
Explain your answer. 
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Rotary and Vacuum Pumps 



Assignment VI-D-4 



Objectives: Upon completion of this lesson, the student will: 

1. Be familiar with the theory of operation. 

2. Know the purpose and location of the rotary and vacuum pumps. 

3. Know the parts of a rotary pump. 

Information: Most rotary pumps arc positive displacement units, which means that a 
given quantity of liquid is discharged for each revolution of the shaft. 
Rotary pumps may be divided into four classifications: 

a. cam 

b. screw 

c. gear 

d. vane 

Each of the following is a particular type of rotary pump. 

Rotary pump - gear type have two or more gears in a casing. During 
rotation the liquid fills the spaces between the gear teeth on the suction 
side. Then it is carried around and squeezed out as the teeth mesh on the 
outside of the pump. 

Sliding vane - rotary pump with the rotor set off-center in the casing. 
The vanes move in and out of the rotor. The rotor turning 
counter-clockwise forms a cavity at the rotor bottom and the casing wall 
into which the liquid flows. As the pump continues to rotate the liquid is 
forced around and out the pump discharge. Centrifugal force holds the 
vanes against the inner wall of the casing. 

Scroti' pump - draws the liquid into one or both ends of the rotor or 
rotors where it is trapped in the pockets formed by the threads. The 
liquid is moved along to the discharge point much like a nut on a thread. 
Screw-type rotary pumps may have one, two, or three screws. 

A broad description of a rotary pump and how it operates is: it contains 
gears, cams, vanes, or lobes working in a casing operating with close 
clearances between the casing and rotating parts. These pumps have 
positive displacement equal to the impeller displacement and are usually 
low speed and positive in action. They arc self priming and operate on a 
high suction lift discharging at a smooth flow. Identify the parts of the 
gear rotary pump in Figure VI-D-4-3. 

Rotary pumps arc suitable for handling viscous liquids which arc difficult 
to handle with other pumps. They have close mechanical clearances and 
arc well suited for handling liquids that lubricate or those that arc volatile. 
Some applications would be: kerosene, benzene, gasoline, alcohol, shellac, 
paints, soap solutions, transformer oil, lubricating oil, fuel oil, tar, and 
creosote. 
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References: 



Procedure: 



Assignment: 



Vacuum pumps arc used to remove air and water from condensate return 
lines. The air is discharged to the atmosphere and the water to the feed 
water system. Removal of air and water from the heating system is 
accomplished by the vacuum created on the suction side of the pump. 
These pumps are located with a condensate tank or vacuum tank. 

Manufacturers' data sheet and catalogs 
ftactical I^oirer Smncc Library 
Steam Plant Operation 

Study the listed references; then do the following assignment and be 
prepared to discuss each. 

1. Explain how a rotary pump operates. 

2. Name some different types of rotary pumps. 

3. What kind of liquids can a rotary pump handle? Name some. 

4. What arc some of the parts found on a rotary pump? 

5. What is the purpose of a vacuum pump and where is it located? 

6. What is meant by the term positive displacement pump? 
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Feed-Water System, High Pressure 



Assignment VII-A-1 



Objectives: Upon completion of this lesson* the student will: 

1. Know the purple of the feed-water system. 

2. Know the purpose and location of all the equipment found in the 
system. 

3. Understand che importance of knowing the system intimately. 

4. Understand the danger of low water. 




ERIC 



Information: "Water, Water everywhere and all the boards did shrink - 

Water, Water everywhere nor any drop to drink!" 

If you think the Ancient Mariner was thirsty, wait until you try keeping a 
high pressure boiler satisfied. It takes 1 pound of water to make 1 pound 
of steam. If your boiler is generating 20,000 pounds of steam per hour 
you must supply it with 20,000 pounds of water # ^er hour. Water weighs 
about 8.3 pounds per gallon. That means about 2,410 gallons of water per 
hour. This should give you some idea of the importance of your feed 
water system and why it is necessary to know the purpose and location of 
all its parts. 

A fireman must know of every possible way of getting water to his 
boilers. HEADS OR TAILS WILL NOT WORK IN A BOILER ROOM. A 
steaming boiler can, in a matter of minutes, have the water in the gage 
glass go from a half a glass to an empty glass. A boiler that is on the line 
and loses its water could burn up or possible explode causing untold 
damage and loss of life. 

Look at the sketch on the next page of a basic feed water system. 

The returns from the system (1) enter the feed water heater (2). Oxygen 
and other non-condensable gases are vented to the atmosphere (3). All the 
steam does not return to the feed water heater as condensate-, some is lost 
due to leaks or process. A float (4) opens a valve (5) located on a city 
water line (6) to add make-up water. To prevent the feed water heater 
from becoming water logged there is an internal overflow line (7) which 
will discharge to waste (8). The feed water heater is located above the 
feed water pumps so that the water is supplied to the pumps through* the 
suction line (9) at a slight head pressure. The feed water pump (10) is an 
electric centrifugal pump and the second feed water pump (11) is a steam 
driven turbine centrifugal pump. This allows the plant to be more flexible. 
Each feed water pump will have its own set of suction valves (12) and 
discharge valves (13). This would allow either pump to be taken out of 
service for repairs. Each feed water pump will also have its own check 
valve (14) to prevent water from backing up in the event the check valve 
(26) located close to the boiler should fail. The feed water leaves the 
pump through a discharge line (15). 

In order to maintain a proper water level in the boiler (16) an automatic 
feed water regulator is used. The one in the sketch is a Copes-type 
- rt regulator. It is a mechanical type regulator that works on expansion and 
contraction of an inclined tube (17). The inclined tube is located at the 
normal operating water level. The top is connected by a line (18) that 
goes to the highest part of the steam side of the boiler. There is a shut-off 
valve (19) so that the regulator may be taken out of service for repairs. 
Th.e bottom of the inclined tube is connected to the boiler by a line (20) 
that is well below the . normal operating water level. The shut-off valve 
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(21) is also used when making repairs. The inclined tube is fixed at the 
back and cannot move. It is> however, free to expand and contract at the 
top and is connected by linkage to a valve (22) located in the feed water 
line (15).. The feed water valve (22) has two shut-off valves (23) so that 
the valve may be taken out of service if it fouls up. The water would then 
go through the bypass valve (24). This would prevent taking the boiler off 
the line because of a regulator failure. On the feed water line you will 
notice a stop valve (25) and a check valve (26). The stop valve is located 
closest to the shell of the boiler so that the check valve (26) could be 
repaired if need be without dumping the boiler. The Copes regulator is 
equipped with a blowdown valve (27) to insure the water lines are free 
and clear of sludge and sediment. 

Reference: Steam Plant Operation 

Boiler Room Questions and Answers 

Procedure: After having read the information and studied the listed references, answer 
the following questions and be prepared to discuss each in class. 



Assignment: 1. Why is makeup water needed and how is it added to the system? 

2. What is the purpose of a check valve and where are they found in the 
system? 

3. Why is a stop valve placed in the feed-water line closest to the shell of 
the boiler? 

4. If a Copes regulator failed to open, how could you get water to your 
boiler? 

5. What prevents water from backing up into the return lines? 
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Feed-Water System, Low Pressure 



Assignment VH-A-2 



Objectives: Upon completion of this lesson, the student will be able to: 

1. Know the purpose of the feed-water system. 

2. Identify and describe the purpose of the equipment found in the 
system. 

3. Explain the importance of a complete knowledge of the system*. 

4. Explain why low water is dangerous. 

Information: In Unit V1I-A-1 we covered the feed-water system of a high-pressure 
boiler. We discussed the purpose of the feed water system, the importance 
of being thoroughly familiar with the system, and the danger of low 
water. These facts hold true for a low pressure feed water system. The 
difference between the two will be the equipment found in the system. 

The sketch in Figure VII-A-2-1 should be carefully- studied. 

When steam gives up its heat it turns back to water called condensate. The 
condensate is brought back to the boiler room by condensate return lines 
(1) and enters the vacuum tank (2). The vacuum pump (3) discharges the 
water through feed water lines (4) back to the boiler (5). On this feed 
water line you will notice located as close to the boiler shell as practical a 
stop valve (6). The stop valve is there so that the check valve (7) may be 
repaired without having to dump the boiler. It is customary to install 
another stop valve (8) and' check valve (9) close to the vacuum pump as 
an added precaution. Without the check valve the water would be forced 
out of the boiler through the vacuum pump into the vacuum tank and 
back into the return line when the vacuum pump stops. If for some reason 
the condensate returns fail to come back to the vacuum tank the water 
level in the boiler would start to drop. This could lead to a serious low 
water condition. To prevent this an automatic city water makeup control 
(10) is installed a little below the normal operating water level. The top 
line (11) connects to the highest part of the steam side of the boiler and 
the bottom line (12) connects well below the normal operating water 
level. If the water level drops in the boiler the float in the city water 
makeup drops and opens a. needle valve (13) connected to the city water 
line (14) allowing city water to enter the boiler. A pair of stop valves (15) 
are installed one .before and one after the needle valve so that it may be 
serviced if necessary. There is also a bypass valve (16) so that city water 
can be added by hand. 

I'm sure that if you compare the sketch in VII-A-1 with this sketch you 
will be able to see where the systems arc the same and where they differ. 
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Reference: 
Procedure: 

Assignment: 



Low Pressure Boilers, Chapter 3 

After having studied the reference and the sketch, answer the following 
questions and be prepared to discuss each in class. 

1. What is the purpose of a stop and check valve in the system? Why is 
their position so important? 

2. Describe in detail how the vacuum pump is controlled. (What makes it 
start and stop?) 

3. What prevents a low water condition in a low-pressure boiler? 

4. How many ways can city water makeup be added in the low-pressure 
system discussed? 

5. Why do you think it necessary to have a bypass valve around the 
automatic city water makeup? 
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Basic Fuel Oil System Assignment VII-B-1 

Objectives: Upon completion of this lesson, the student will: 

1. Be familiar with a basic fuel oil system. 

2. Be able to identify the parts of a fuel oil system. 

3. Know the purpose of the parts of the fuel oil system. 

Information: The purpose of any fuel oil system is to get the fuel oil to the burner at 
the proper temperature and pressure. This means that we must pump, 
heat, and regulate the fuel oil before it gets to the burner. Once the oil 
gets to the burner, it is a function of the burners to properly fire the fuel 
into the combustion chamber of the boiler. The burner will be discussed 
at a later time. 

The fuel oil system consists of various parts and we start with the storage 
tank and suction line (1). In our system we have two twenty -thousand 
gallon fuel oil tanks located in the rear of the budding under the black 
top. In order to pump this fuel oil it must be heated. This is accomplished 
by a steam heating bell located in the fuel oil tank. To give us an 
indication of the temperature of the oil coming from the tank there is a 
thermometer (2) located on the suction line. The duplex strainer (3) 
permits one strainer to be cleaned while the other is in service. The 
suction gage (4) shows how many inches of vacuum the fuel oil pump is 
pulling. The suction valve (5) and the discharge (9) located before and 
after the fuel oil pump allows you to isolate the pump from the system. 
The fuel oil pump (6) moves the oil from the storage tank through a 
discharge line (7). The relief valve (8) protects the system from excessive 
oil pressure and discharges back to the fuel oil return line (9). A pressure 
gage (11) indicates the fuel oil discharge pressure. The fuel oil is further 
heated by a steam fuel oil heater (13). An inlet valve (12) and an outlet 
valve (14) allow you to isolate the heater. A thermometer (15) indicates 
the temperature of the oil leaving the heater. The oil then goes to an 
electric heater (16) where the oil is brought up to the temperature it is to 
be burned at. 

A thermometer (17) shows the temperature of the oil after it leaves the 
electric heater. A simplex strainer (18) is used to collect any impurities or 
dirt left in the oil. A pressure gage (19) indicates the pressure of the oil at 
the burner (20) which is regulated by an oil pressure regulator (23). Not 
all the oil is burned, and some is recirculated through a return line (21). A 
thermometer (22) shows the return oil temperature to the fuel oil storage 
tank. 
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Reference: Low [Pressure Boilers, p. 74 

Procedure: After having studied the above information and reference material, do 
following assignment and be prepared to discuss each in class. 

Assignment; 1. Label the parts of the fuel oil system as shown on the attac 
sketch. 

2. On a separate sheet explain the purpose of all parts of the system. 
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Fuel Oil Measurement 



Assignment VH-B-2 



Objectives: Upon completion of this lesson, the student will: 

1. Know how a fuel oil tank is calibrated. 

2. Be able to compute fuel oil readings. 

3. Be able to compute fuel oil consumption. 

Information: The fireman and engineer is responsible for the maintaining of boiler room 
records and readings. He must be able to figure fuel oil consumption and 
keep records of all oil used per hour, per day, per week, or per year. 

Fuel oil tanks may be equipped with a fuel gage which will give you the 
gallons of oil in the tank. If a gage is not installe4 or if it is faulty you 
must be able to sound the tank and figure the oil it contains from a chart. 
When you sound the tank you will get a reading in feet and inches. 
Looking" at sketch VII-B-2-1 it should be clear that l" of oil at point 
"A" would not be the same number of gallons as at point "B" or at point 
"C". 

Example: Stick sounding Monday — 5' 6" 

Tuesday - 5' 2Vi 

oil in tank Monday 
oil in tank Tuesday 
oil consumed 



Find: 1 

2 
3 



Monday Reading: 

Change feet to inches 
5 X 1 2 - 60" 
60 + 6 = 66" 

Using the chart for tank, 66" = 10,648 gals. 

Tuesday Reading* 

Change feet to inches 
5X12 = 60" 
60 + 2V2 = 62 1 / 2 " 

Note: There is no reading on the tank chart for Vi of oil. It will be 
necessary to interpolate: 

Find gals. 63" = 10,040 

Find gals. 62" = 9,837 

Subtract 203 gals, per inch 

Take Vi = 101.5 gals, per l / 2 " 

Gals, at 62" = 9,837 

add + 101.5 
Gals, at 62 1 4" = 9,938.5 

add + 10K5 
Gals, at 63" - 10,040.0 
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Tank sketch showing 1" of oil 

Fig. VII-B-2-1 
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Oil reading Monday 10,648 
Oil reading Tuesday - 9,938 



Oil 



usee 



710 gals. 



1. Oil in tank Monday 10,648 gals. 

2. Oil in tank Tuesday 9,938 gals. 

3. Oil ir,cd 710 gals. 

Procedure: After having studied the example, do the following assignment. 

Assignment: Using the following fuel oil chart find the gallons of oil for the following 
readings: 

1. Stick sounding — 4' 4Vi ! . How much oil is in the tank? 

2. Stick sounding: Friday 8 A.M. - 6' 8" 

Monday 8 A.M. - 5' 3" 
Find: a. total gals, burned 



b. gals, burned per day 

3. Stick sounding: Monday — 3' 3Yi 
drop 6' 8". 

Find: gallons of oil delivered 

4. Stick sounding: 9/1 Monday 

9/2 Tuesday 
9/3 Wednesday 
9/4 Thursday 
9/5 Friday 
9/8 Monday 

Find: a. fuel burned daily from 9/1 to 9/5 

b. fuel burned 9/5 to 9/8 (total) 

c. fuel burned per day 9/5 and 9/8 

d. total gallons consumed from 9/1 to 9/8 



received oil delivery — reading after 



8 A.M. - 8' 6"' 
8 A.M. - 8' 2V2 
8 A.M. - 7' 11" 
8 A.M. - f AVi 
8 A.M. - 6' 6" 
8 A.M. - 4' 10/2" 
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Calibration Chart Tank #1 



ches 


Gallons 


Inches 


Gallons 


Inches 


Gallons 


1 


26 


41 


6039 


81 


14446 


2 


72 


42 


6241 


82 


14647 


3 


131 


43 


6446 


83 


14844 


4 


201 


44 


6641 


84 


15041 


5 


281 


45 


6858 


85 


15236 


6 


368 


46 


7066 


86 


15428 


7 


463 


47 


7275 


87 


15620 


8 


565 


48 


7485 


88 


15810 


9 


672 


49 


7694 


89 


15997 


10 


787 


50 


7904 


90 


16183 


11 


906 


51 


8116 


91 


16367 


12 


1030 


52 


8350 


92 


16548 


13 


1159 


53 


8542 


93 


16727 


14 


1292 


54 


8756 


94 


16904 


15 


1431 


55 


8978 


95 


17077 


16 


1572 


56 


9181 


96 


17249 


17 


1718 


. 57 


9395 


97 


17417 


18 


1868 


58 


9610 


98 


17583 


19 


2021 


59 


9825 


99 


17745 


20 


2177 


60 


10038 


100 


17906 


21 


2337 


61 


10253 


101 


18058 


22 


2500 


62 


10468 


102 


18210 


23 


2665 


63 


10681 


103 


18359 


24 


2833 


64 


10896 


104 


18507 


25 


3004 


65 


11108 


105 


18647 


26 


3178 


66 


11322 


106 


18785 


27 


3354 


67 


11540 


107 


18920 


28 


3533 


68 


11752 


108 


19047 


29 


3715 


69 


11964 


109 


19172 


30 


3898 


70 


12176 


110 


19291 


31 


4085 


71 


12386 


111 


19404 


32 


4272 


72 


12597 


112 


19512 


33 


4462 


73 


12807 


113 


19614 


34 


4652 


74 


13015 


114 


19708 


35 


4846 


75 


13223 


115 


1 0"700 

iy /yy 


36 


5041 


76 


13430 


116 


19875 


37 


5236 


77 


13635 


117 


19945 


38 


5435 


78 


13841 


118 


20005 


39 


5634 


79 


14044 


119 


. 20052 


40 


5836 


80 


14257 


120 


20078 




20,000 gall 


on tank 10' dia. 


, 34' 3" 


long flat heads 
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Draft and Its Measurement 



Assignment VII-C-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know what is meant by draft. 

2. Be able to explain why draft is necessary in a boiler. 

3. Be able to measure draft. 

Information: Draft may be defined as a difference in pressure which will cause an air 
flow. This air is essential for combustion. It takes about 15 pounds of air 
to burn one pound of fuel. In order for us to burn our fuel properly we 
need sufficient quantities of air under enough pressure to overcome the 
resistance caused by breeching, dampers, baffles, tube passes, economizers, 
and superheaters. 

Draft is measured in inches or tenths of an inch of water column. It is 
the difference in height in two legs of a glass tube. See sketch VII-C-1-1 
and VII-C-1-2. In order to convert inches of water to pounds per square 
inch we proceed as foiiows: 

We know 1 cu.ft. of water weighs 62.4 pounds. The weight of water will 
vary with temperature, but the temperature ranges we will be working in 
make the changes so slight they need not be considered. 

1 cu.ft. = 1,728 cubic inches 

62. 4_ = Q^Q^ s • The pressure in pounds per 
1728 P square inch indicated by a 

column of water l" high. 

See sketch VII-C-1-3 

The sketch will give you an idea of how the pressure will vary with the 
height of water. Note that .'at 12" the pressure is .433 pounds. This figure 
is one to remember; it will be referred to in other lessons. 



Reference: 



Low Pressure Boilers 
Boiler Room Questions and Answers 
Steam Plant Operation 

After having studied the information and listed references, answer the 
following questions and be prepared to discuss each in class. 

1. What is draft and why is it necessary in a boiler? 

2. Explain the operation of a U-tube draft gage. 
3- In what units is draft measured? 

4. Approximately how many pounds of air is needed to burn 1 pound of 
fuel? 

5. Using the comparison chart, how much pressure will 2" of water 
exert? How much pressure at 12"? 



Procedure: 



Assignment: 
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MANOMETER MEASURES DRAFT WITH U-TU3E TYPE 
GAGE. BOTH LEGS ARE EQUAL LEVEL AT 
ATMOSPHERIC PRESSURE . 

Fi». VI-C-1-1 

OPEN TO 

atmosphere\ 

X — 5- 
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READING 



CONNECTED 
BREECHING 



TO 



T 




DRAFT GAGE CONNECTED TO BREECHING SHOWING 
NEGATIVE READING, WATER RISES IN LEG 
CONNECTED TO BREECHING. 
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PRESSURE AT BASE OF COLUMN OF WATER 
.0361 PSI FOR EACH VERTICAL INCH 



118 

1&) 



Fig. VII-C-1-3 



Natural and Mechanical Draft 



Assignment VII-C-2 



Objectives: Upon completion of this lesson, the student will: 

1. Know what natural draft is. 

2. Know what mechanical draft is. 

3 Know how natural draft is produced. 
4. Know how mechnical draft is produced. 

Information: We have been introduced to draft as it relates to a boiler. Now we will 
learn about the different types of draft. 

The oldest form of draft that we will discuss is natural draft. Natural draft 
is produced by a chimney alone, without the use of any mechanical means. 
It is caused by the difference in weight between the column of hot gas 
inside the chimney and a column of cold outside air of the same height 
and cross section. The intensity of draft produced by a chimney depends 
on the height of the stack and the difference between the outside air and 
the inside gas temperature. The chimney gas, because it is lighter than the 
outside air, tends to rise; and the heavier outside air replaces this air in the 
furnace area of the boiler. See sketch VII-C-2-1. 

The amount of natural draft can be determined by measuring the 
difference between two points such as the atmosphere and the inside of 
the boiler setting. Air leaks in the boiler; the breeching or boiler side walls 
dilute the chimney gasses, increase the volume, lower the temperature, and 
thus lower the effective draft. Natural draft is controlled by the use of 
dampers which control the flow of air to the burners and the gasses of 
combustion leaving the boiler setting. There are limitations to the 
application of natural draft chimneys. The trend in design of modern 
boiler units is toward high rates of heat transfer, which results in increased 
draft loss. This ultimately demands a higher chimney which becomes 
physically and economically impractical. 

Mechanical draft is the use of power-driven fans providing a means of 
furnishing the necessary draft. Centrifugal fans can be built to meet the 
necessary requirements with either FORCED or INDUCED drafts. 

Forced draft is produced by a power-driven fan forcing the air into the 
boiler furnace. See sketch VII-C-2-2. This is done by placing the fan at the 
front of the boiler. 

Induced draft is the use of a power-driven fan located between the boiler 
and the chimney. See sketch V1I-C-2-3. 

There arc some applications where both forced and induced draft fans are 
needed. See sketch VII-C-2-4. 
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Reference: 



Mechanical draft can be controlled by: 

a. controlling the speed of the fan. 

b. the use of dampers. 

c. the use of inlet vanes on the fan. 

1. Steam Plant Operation 

2. Boiler Room Questions unci Answers 



Procedure: After having studied the information and listed references, answer the 
following questions and be prepared to discuss each in class. 

Assignment: 1. What is natural draft? 

2. What is forced draft? 

3. What is induced draft? 

4. What are some of the conditions that make it necessary to employ 
mechanical draft? 

5. Can you get a positive draft in the furnace? Explain your answer and 
discuss the safe operation of the boiler under this condition. 
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Combustion Chemistry 



Assignment VIII-A-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the basic principles of combustion. 

2. Know the basic combustion equations. 

Information: Combustibn may be defined as the rapid union of oxygen with an element 
or compound, which will result in the evolution of heat. An example of 
this is when the elements in a fuel combine with the oxygen in the air to 
produce heat. The elements in the fuel are: 

a. carbon 

b. sulphur 

c. hydrogen 

d. oxygen 

e. nitrogen 

Oxygen will support combustion, but it i? not a combustible by itself. 
Nitrogen is neither a combustible nor a supporter of combustion. 

' Carbon, hydrogen, and sulphur are the combustibles in a fuel; they 
combine with the oxygen from the air to form compounds of combustion. 
When carbon combines with oxygen it forms a compound of carbon 
monoxide or carbon dioxide. This can be shown with the following 
combustion equations: 

2C + 0 2 ~* 2CO + Heat 
C + 0 2 C0 2 + Heat 
When sulphur combines with oxygen it forms sulphur dioxide: 

S + 0 2 S0 2 + Heat 
The above reactions are taking place in a furnace during the burning of a 
fuel provided there is sufficient air (oxygen) to allow it to go to 
completion. 

Reference: Steam Plant Operation 

Procedure: After having studied the listed reference and information, do the following 
assignment. 

Assignment: 1. What elements in a fuel will combine with oxygen during the 
combustion process? 

2. What elements will not combine with oxygen? 

3. Show with combustion equations the combustion process of a fuel. 

4. What are the end products of combustion? 
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Types of Combustion 



Assignment VIII-B-1 



Objectives: Upon completion of this lesson, the student will: 

1. Define the tvpes of combustion. 

2. Know why r is necessary to be able to control the combustion 
process. 

Information: In order to understand combustion and what we are trying to accomplish 
when burning fuel, it is necessary to discuss some terminology. 

1. Primary air - air that will control the rate of combustion. It is the 
amount of fuel you can burn. 

2. Secondary air - air that will control the combustion efficiency. It 
controls how well you burn the fuel. 

3. Excess air - air that is supplied to the boiler that is extra. It is above 
the theoretical amount needed. 

Combustion may be classified or broken down into three categories: 

1. Perfect combustion - burning of all the fuel with only the theoretical 
amount of air supplied. This can never be achieved in a boiler room. 
This is only possible in a lab where the combustion process can be 
carefully controlled. 

2. Complete combustion — burning of all the fuel with the proper 
amount of excess air supplied. This is what we strive for in a boiler 
room. We want to burn all the fuel so that we do not add pollutants 
to our already polluted atmosphere. 

3. Incomplete combustion — all the fuel is not burned for one reason or 
another, resulting in the formation of soot and smoke. 

It is the operator's responsibility to be thoroughly familiar with his 
equipment and the combustion process. Many states have passed laws 
limiting the amount of sulphur contained in fuel oil. This cuts down on 
the sulphur dioxide that is discharged with the gasses of combustion. By 
carefully controlling the combustion process we eliminate soot and smoke 
being discharged by our stack. Fly ash, which is small light particles of ash 
that would normally be discharged with the combustion gasses, is handled 
by fly ash precipitators. These precipitators trap and hold it so that it may 
be disposed of. 

Fines are being levied against buildings that do not conform to the 
Anti-Pollution Laws. It may be against the law to discharge smoke, soot, 
or fly ash into the atmosphere. The fines can run into hundreds of dollars 
in many states. 
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Reference: 1. Steam Plant Operation 
2. Air Pollution Manual 

Procedure: After studying the listed reference and information, do the following 
assignment and be prepared to discuss it in class. 

Assignment: 1. Define the following: 

a. primary air 

b. secondary air 

c. excess air 

d. perfect combustion 

e. complete combustion 

f. incomplete combustion 

2. Why do you think perfect combustion is not possible in a boiler 
room? 

3. What would result if you were using more excess air than necessary? 



K 



Ml) 

129 



0 

ERIC 




ROTARY CUP BURNER 

I V) Fig. VIIMM 1 



Ml 



GAS NOZZLE 
( QNE OF FOUR ) 0 | L BURNER 




PRECAST THROAT BLOCKS 



SCHEMATIC VIEW COMBINATION GAS AND 
OIL BURNER FROM INSIDE FURNACE 

Fig. VIII B 1-3 



COAL FEED 





1 






1 


ECOND 
AIR 

Is 


1 

I 




1 


A DV 

ANT 







COAL AND 
PRIMARY AIR 



COAL 
SPREADER 



SECONDARY 
AIR PLENUM- 
CHAMBER 




PULVERIZED COAL BURNER SHOWING 
PRIMARY AND SECONDARY AIR 

Fig. VIII-B-1-4 



133 

144 



Process of Combustion 



Assignment VIH-C-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the combustion process. 

2. Know what is needed in order to arrive at complete combustion. 

Information: In assignment VIII-B-1 on types of combustion, we discussed: 

a. primary air 

b. secondary air 

c. excess air 

d. perfect combustion 

e. complete combustion 

f. incomplete combustion 

We also said that our goal is complete combustion, which is the burning of 
all the fuel with the proper amount of excess air. In order to accomplish 
this we need four things. You can best remember them by the word 
M.A.T.T. 

M - Proper mixture of air and fuel. The ratio of air and fuel must 
be controlled at all firing rates. High fire when you burn the 
maximum amounts of oil would require more air than when 
when burner is in low fire. 

A — Proper atomization of fuel. This breaks up fuel into small 
particles so that it can come in more intimate contact with the 
air. It improves combustion. 

T — Proper temperature. Air, fuel, and zone temperature must be 
maintained in order to achieve complete combustion. 

T — Time to complete combustion. The combustion process must 
be completed before the gasses of combustion come in contact 
with the heating surface. 

Note: You should remember that heating surface is where there 
is water on one side and gasses of combustion on the other. 

If the gasses of combustion come in contact with the heating surface 
before combustion is complete, they will cool 3 causing the formation of 
soot and smoke. 

Wc spoke about air needed for combustion of fuel. It might be well to 
mention that it is the oxygen in the air that is needed. Air is made up of 
approximately 20% oxygen and 80% nitrogen. Nitrogen does not enter the 
combustion process. 
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Reference: 



Steam Plant Operation 



Procedure: After studying the reference and information, do the following assignment 
and be prepared to discuss it in class. 

Assignment: 1. What is meant by complete combustion? 

2. Discuss what is meant by M.A.T.T. 

3. What will result if the gasses of combustion come in contact with the 
heating surface before the combustion process is completed? 

4. Why must the oil be atomized? 

5. What is the chemical composition of air, and what happens to these 
chemical elements during the combustion process? 
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Theoretical Combustion Air Requirements Assignment VIII-C-2 

Objectives: Upon completion of this lesson, the student will: 

1. Understand the formula for finding the theoretical amounts of air 
needed per pound of fuel. 

2. Be able to find the theoretical pounds of air required per pound of 
fuel. 

3. Be able to find the theoretical pounds of oxygen required per pound 
of fuel. 

Information: In order for combustion to take place, air must be supplied in quantity. 

Only oxygen will enter into chemical combination with fuel. (Sec 
VIII-A-1). In order to supply one pound of oxygen to a furnace, it is 
necessary to supply 4.32 pounds of air. The theoretical amount of air is 
the minimum amount of air that is needed to burn 1 pound of fuel 
completely. This means burning all the carbon to C0 2 , the hydrogen to 
H 2 0, and all the sulphur to S0 2 . Burning 1 pound of carbon completely 
requires 11.53 pounds of air. To burn 1 pound of hydrogen minus 1/8 the 
oxygen (found in the fuel) requires 34.56 pounds of air, and to 
completely burn 1 pound of sulphur requires 4.32 pounds of air. 

We can then establish the following formula: 
#air/#fuel = 11.53C + 34.56(H- - 0x y^ n ) + 4.32S^ 

In order to use the above formula it is necessary to know the chemical 
composition of the fuel which is basically: N O C A S H. 

N — Nitrogen 
O — Oxygen 
C — Carbon 
A - Ash 
S — Sulphur 
H — Hydrogen 

The % of each clement found in the fuel will be given in the ultimate 
analysis of the fuel. 

Note: This will only be the theoretical amount of air required. It will be 
necessary to provide 1 5% to 20% excess air to have complete 
combustion. 

Example: The ultimate analysis of a fuel is as follows: 

carbon 70% oxygen 8% 

hydrogen 7% sulphur 2% 

nitrogen 5% ash 8% 
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Find: a. pounds of air/pound of fuel 
b. pounds of oxygen 

#air/#fuel= 11.53 C+ 34.56 (H- Qx ^ en ) + 4.32 S 

o 

= 11.53 X .7 + 34.56 + 4.32 X .02 

= 8.071 + .02419 + .0864 
= 8.182 pounds of air 
4.32# air = 1# oxygen 

= 1.89# of oxygen 
4.32 75 



Procedure: After having read the information and studied the sample problem, do the 
following assignment. 

Assignment: 1. The ultimate analysis of a fuel is as follows: 

carbon 65% oxygen 11% 

hydrogen 6% sulphur 4% 

nitrogen 2% ash 12% 

Find: a. #'s of air/#'s fuel 
b. #'s of oxygen 

2. The ultimate analysis of a fuel is as follows: 

x carbon 61.5% oxygen 6.2% 

hydrogen 6.8% sulphur 5.6% 

nitrogen 3.4% ash 1 .1% 

Find: a. #*s of air/#'s of fuel 
b. #*s of oxygen. 

3. The ultimate analysis of a fuel is as follows: 

carbon 85% oxygen 5% 

hydrogen 5% sulphur 1% 

nitrogen 2% ash 2% 

Find: a. #'s of air/#'s fuel 
b. #*s of ox.ygcn 

4. The ultimate analysis of a fuel is as follows: 

carbon 88.86% oxygen 1.95% 

hydrogen 2.04% sulphur .35% 

nitrogen .9% ash 5.9% 

Find: a. #'s of air/#'s of fuel 
b. #*s of oxvucn 
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5. A plant is using a fuel that requires 14.5 pounds of air per pound of 
fuel. It burns 780 pounds of fuel per hour. 

Find: a. #'s of air needed per hour, 
b. #'s of oxygen. 

6. If 20% excess air is needed in the above problem, what are the actual 
air and oxygen requirements? 
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Mechanical Atomizing Burner 



Assignment IX-A-1 



Objectives: Upon completion of this lesson, the student will: 

1. Be familiar with the mechanical atomizing burner. 

2. Know the parts of the burner. 

3. Know the operation of the burner. 

Information: Mechanical atomizing burners arc sometimes called high pressure atomizing 
burners. They atomize the fuel oil without the use of steam or air. Oil is 
pumped to the burner at a pressure of not less than 100 p.s.i. A nozzle 
consisting of tangential slots, whirl chamber, and orifice spray the oil out 
into the combustion chamber in a fine mist or spray. 

A basic mechanical atomizing burner unit consists of a fan and housing, an 
electric motor, a pump, a strainer, a pressure regulating valve, a nozzle, 
and a means of igniting the atomized oil. 

The following is a list of parts and their purpose: 

a. Motor - used to drive fan and oil pump. 

b. Fan — squirrel cage type coupled to motor shaft and supplies air 
needed for combustion. 

c. Strainer -- located in fuel oil line before pump to protect it from 
foreign particles and sediment in the fuel oil. 

d. Fuel oil pump - rotary positive displacement pumps suppling oil 
at a minumum pressure of 100 p.s.i. to the burner nozzle. 

c. Pressure regulator valve — consists of a spring loaded diaphragm, 
bellows, or a piston which controls flow of oil to the nozzle and 
diverts the excess oil back to the fuel oil tank. 

f. Ignition transformer — provides high voltage A.C. current used to 
give a spark for igniting the oil or pilot. 

g. Nozzles - used to atomize the fuel oil and must be accurately 
made. 

h. Air diffuser - the air pattern of a mechanical atomizing burner is 
important and is determined by the design of the diffuser. 

Steam Plant Operation 
Handbook of Oil Burners 
B & II 1 Burners 
Steam Boilers 



References: 1. 

2. 
3. 

4. 
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Procedure: After studying the listed references and information, do the following 
assignment and be prepared to discuss it in class. 

Assignment: 1. Explain the principle of operation of a mechanical atomizing burner. 

2. Name the parts of a burner and explain what they are used for. 

3. How can the amount of oil be controlled to the burner nozzle? What 
happens to the excess oil? 

4. Explain how the air is supplied to the burner nozzle and mixed with 
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Air Atomizing Burner 



Assignment IX-A-2 



Objectives: Upon completion of this lesson, the student will: 

1. Know the purpose of an air atomizing burner. 

2. Know the parts of the air caumizing burner. 

3. Know the operation of the air atomizing burner. 



Information: 



The automatically fired air atomizing burner must control the following: 

1. atomizing of fuel oil 

2. flow of fuel oil 

3. ignition or air-fuel mixture 

4. correct air to oil mixture (ratio) 

5. correct amount of air for atomizing fuel oil 

The word atomize means to change a liquid into a fine spray. This is 
accomplished by the use of air under pressure forcing the oil through a 
nozzle assembly. Breaking the oil up into a fine mist or spray allows the 
air to come in closer contact with the oil, which results in clean complete 
combustion. 

The burner controls the flow of fuel oil to the nozzle assembly by the use 
of an oil solenoid valve. 

Ignition of the air-fuel mixture is accomplished by a high voltage electric 
spark igniting a gas pilot. The pilot is programed in the burner cycle to 
ignite the main burner flame at the proper time. Additional air (secondary 
air) is allowed to mix with the burning fuel by using an air shutter or 
damper. The amount of secondary air depends on the firing rate of the 
burner. 

Atomizing air is supplied by an oil-air pump at the burner nozzle assembly 
at the correct pressure. 



Reference: Manufacturer's data sheets and catalogs 

Procedure: After studying the listed reference, do the following assignment and be 
prepared to discuss it in class. 

Assignment: 1. Name the parts of the air atomizing burner and explain their purpose. 

2. Describe how the burner nozzle assembly atomizes the fuel oil. 

3. Explain the complete burner cycle. 
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Rotary Cup Oil Burner 



Assignment IX-A-3 



Objectives: Upon completion of this lesson, the student will: 

1. Understand the purpose of the rotary cup oil burner. 

2. Know the parts of the rotary cup oil burner. 

3. Know the operation of the rotary cup oil burner. 

Information: The horizontal rotary oil burner has always been a popular burner because 
, ft of its versatility. It can burn a wide range of grades of oil successfully and 

is made in a variety of sizes. It is used in power plants, large buildings and 

process plants. 

The horizontal rotary burner consists of an atomizing or spinning cup, a 
blower to supply air for combustion (primary air), an air nozzle to mix 
the air and oil, a means of driving the atomizing cup and blower, and a 
means for delivering oil to the atomizing cup. The atomizing cup is 
rotated usually at a speed of 3450 rpm or higher. The oil spreads over the 
inner surface of the cup and is eventually thrown off the periphery by 
centrifugal force. At this point, the air supplied by the blower is directed 
into the oil spray by the air nozzle. This is not enough air to complete 
combustion, so it is necessary to admit secondary air to the combustion 
chamber. 

Reference: 1. Steam Plant Operatioi 

2. Manufacturers' data sheets and catalogs 

Domestic and Commercial Oil Burners, Burkhardt, McGraw Hill 



Procedure: Study the information and listed references; do the following assignment 
and be prepared to discuss it in class. 

Assignment: 1. How is oil atomized in a rotary cup burner? 

2. How is oil supplied to the rotary cup? 

3. How is primary air supplied to the burner? 

4. What is the purpose of primary air in the rotary cup burner? 

5. Does the condition of the atomizing cup affect atomization? Explain. 
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High" and Low-Pressure Gas Burners 



Assignment IX-B-1 



Objectives: Upon completion of this lesson, the student will: 

1. ' Know the low-pressure gas burner system. 

2. Know the high-pressure gas burner system. 

3. Know the color code for gas lines. 

4. Know and understand the controls in the high and low pressure gas 
burner systems. 

Information: Natural and manufactured gas have become popular in industry because of 
their high combustion efficiency and the ease with which they can be burned. 
The cost is comparable to other fuels. 

The pressure of the gas available plays an important part in the type of 
system you have in your plant. To operate the boiler room safely and to 
help identify the gas system, many boiler rooms will have the gas lines 
painted yellow with red stripes. 

The first system we will discuss will be a low-pressure gas system. In this 
system the gas supplied at the burner is reduced to 0 (zero) pounds 
pressure. The gas and primary air mix together outside the combustion 
chamber and arc forced along to the nozzle by a blower. Using sketch 
1X-B-1-1 we can trace the system: The gas line (1) is fitted with a gas 
cock (2) which allows the fireman to close the gas to the system when 
making repairs. The solenoid valve (3) controls gas to the pilot (4). The 
manual reset valve (5) is an electric valve that cannot be opened until the 
gas pilot is lighted. The pressure reducing governor (6) reduces the 
pressure of the gas to zero pounds pressure. The small line just before the 
pressure reducing governor goes to the vaporstat (7). The vaporstat is a 
switch which is turned on by the gas pressure in the line or turned off 
when there is no pressure. The main gas solenoid valve (8) will open at the 
proper time allowing gas to be drawn down to the mixjecter (9). The 
forced draft blower (10) will send air through the butterfly valve (11). 
The air passes through a venturi (12) and draws the gas with it to the 
mixing chamber (13). 

The block and holder (14) is mounted on the boiler front and as the gas 
and air mixture passes through the cage, it is ignited by the pilot light (4). 
The cage has an adjustable ring (15) that controls the secondary air that 
enters co complete combustion. A gas cock (16) controls the gas flow to 
the pilot. 

The high-pressure gas burner system supplies gas at a set pressure to the 
burner, where it mixes with the air on the inside of the burner register. 
Using the sketch IX-B-1 -3, trace the high-pressure system. 
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The gas line (1) is fitted with a pressure gage (2) and a manually operated 
shut-off valve (3). A gas pressure regulator (4) controls the desired set 
pressure at the burner. The electrically operated solenoid valve (5) is used 
as an automatic shut-off gas valve. A gas control flow valve (6) gradually 
allows the gas to flow to the burner at start-up. A gas volume control 
valve (butterfly valve) (7) controls the volume of gas to the burner. A gas 
pilot line (8) supplies gas to the gas pilot regulator (9), a gas pressure gage, 
(13) and an electrically operated solenoid valve (10). Air is supplied by a 
* forced draft blower (11) and mixes with the gas in the burner register (12) 
where ignition occurs. 

It should be mentioned here that in some boiler installations combination 
burners are used. These burners are actually two burners in one and are 
capable of burning gas or oil. The combination burner will be discussed in 
a later unit. 

Reference: 1. Low Pressure Boilers 

2. Manufacturers data sheets and catalogs 

Procedure: After having studied the listed reference and information, do the following 
assignment and be prepared to discuss it in class. 

Assignment: 1. Explain how the low-pressure gas burner system operates. 

2. Explain how the high-pressure gas system operates. 

3. What is the purpose of color coding the gas pipe and how is it done in 
the main boiler room of this school? 

4. What is the purpose ot the manual reset valve? 

5. What is the purpose of the vaporstat on the gas line? 

6. What is the purpose of the venturi in the gas line? 
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Combination Burners 



Assignment IX-C-t 



Objectives: Upon completion of this lesson, the student will: 

1. Know the purpose of a combination burner. 

2. Be able to identify a combination burner. 

Information: Combination gas-oil burners have the advantage over other burners by 
being able to burn either gas or oil. This is very important when a 
shut-down due to lack of fuel could be costly. You also have the 
advantage of burning the fuel that is cheapest at any given time. With the 
Air Pollution Laws becoming more strict, it may be necessary to burn 
only gas. 

A combination oil-gas burner is basically the same as having an oil burner 
and a gas burner system connected together at the burner throat (at the 
front of the furnace). The parts of the system are the same as if they were 
separate. See sketch IX-C-1-1. 

Reference: Manufacturers' data sheets and catalogs 

Procedure: After having studied the information and listed references, do the 
following assignment and be prepared to discuss it in class. 

Assignment: 1. State the advantage of a combination over a single fuel burner. 

2. Describe n combination gas-oil burner. 

3. Why arc combination gas-oil burners becoming so popular? 
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Introduction to Refrigeration 



Assignment X-A-l 



Objectives: Upon completion of this lesson, the student will: 

1. Know what is meant by refrigeration. 

2. Understand the three basic factors involved in refrigeration. 

3. Know the part heat plays in refrigeration. 

Information: Man has always tried to control his environment. He wants to be warm in 
the winter and cool in the summer. In order for us to do an intelligent job 
of controlling our environment we first must know a little bit about this 
thing we are trying to control. What is this THING called? Why it is 
HEAT of course. We want to know how to add heat to a substance to 
warm us, and how to take heat away from a substance to cool us. Look at 
this thing called heat and see if we can find out what makes it tick. 

First, heat is a form of energy and energy can do work. 

Second, all substances are made up of molecules. The molecules move 
faster as more heat is added to a substance. So we can say that heat is a 
form of energy due to molecules in . motion. Heat will always travel from a 
warm substance toward a cool substance. Heat may move in three ways: 

a. conduction 

b. convection 
v ^ c. radiation 

Knowing these facts allows us to make heat do what we want it to do. 

The American Society of Refrigerating Engineers defines refrigeration as 
Tlie science of providing and maintaining temperatures below that of the 
surrounding atmosphere. It has also been defined as the process of 
removing heat from a substance. 

Man has always had a problem of preserving his food — snow, ice and cold 
water have been used. Ice was cut in the winter and stored for use in the 
summer. The first artificial ice was produced in the 1820's and the first 
automatic refrigerator available in the United States was in 1918. This 
makes the refrigeration industry rather young; and remarkable strides have 
been made over the past 50 years. 

Refrigeration systems may be broken down into five broad classifications: 

1. domestic 

2. commercial 

3. industrial 

4. air conditioning 

5. marine 
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Reference: 
Procedure: 

Assignment: 



The three basic factors involved in refrigeration arc: 

1. heat exchange 

2. control of pressure 

3. gas-liquid relationship 

Before -we go on we should review some basic terminology: 

1. B.t.u. - British thermal unit. A measurement of heat. One B.t.u. is the 
amount of heat necessary to raise the temperature of 1# of water 1° F. 

2. Latent heat - hidden heat. It will change the state of a substance but 
not its temperature. 

3. Sensible heat - can be felt and measured with a thermometer. It will 
change the temperature of a substance but not its state. 

4. Latent heat of fusion - B.t.u/s necessary to change one pound of ice 
at 32° F. to one pound of water at 32° F. 

5. Latent heat of evaporation - B.t.u.'s necessary to change one pound 
of water at 212° F. to one pound of steam at 212° F. 

Ihinciples of Refrigeration, Dossat 

After having read the information and reference, do the following 
assignment and be prepared to discuss it in class. 

1. Can you explain how heat is transferred? 

2. If the latent heat of fusion is removed from 1# of water at 32° F. 
what would happen? 

3. What are the 3 basic factors involved in the refrigeration process? 

4. From your instructor's presentation list the B.t.u.'s required: 

a. to change 1# of ice at 32° F. to 1# water at 32° F. 

b. to raise the temperature of 1# water at 32° F. to 1# water 
at 212° F, 

c to change 1# of water at 212° F. to 1 # steam at 212° F. 
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Compression System 



Assignment X-B-l 



Objective: Upon completion of this lesson, the student will understand the theory of 
operation of a compression system. 

Information: There are certain Laws of Refrigeration that will hold true no matter what 
type of refrigeration system you study. 

1. When changing from a liquid state to a gaseous state a fluid absorbs 
heat. 

2. When changing from a gaseous state to a liquid state a fluid gives up 
heat. 

3. if the pressure remains constant there is no change in temperature 
during a change in state. 

4. If there is an increase in pressure there will be an increase in 
temperature and the temperature will vary directly with the pressure. 

5. The flow of heat is always from a warm body to a colder body. 

6. Energy is convertible, which means heat energy may be converted to 
mechanical energy or mechanical energy may be converted to heat 
energy. 

The compression system is a closed system. The cycle repeats itself over 
and over, changing from a liquid to a gas and back to a liquid. The system 
is constructed so that a controlled amount of fluid (known as the 
refrigerant) flows through a cycle at a certain predetermined pressure. The 
refrigerant will absorb heat in a low-pressure zone (known as the 
evaporator). The heat is then given up in a high-pressure zone (known as 
the condenser). 

Four basic steps are involved in the Refrigeration Cycle: 

1. evaporation 

2. compression 

3. condensation 

4. pressure reduction 

In assignment X-B-2 we will cover these in detail as they apply to the 
compression cycle. 

Reference: fririciples of Refrigeration , Dossat 

Procedure: Study the information and reference, then do the following assignment 
and be prepared to discuss it in class. 
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Assignment: 1. Why is a refrigeration cycle a closed system? 

2. Describe the six basic Laws of Refrigeration. 

3. List the fouF basic steps in a refrigeration cycle. 

4. At what point in the cycle does the refrigerant absorb heat? 

5. At what point in the cycle does the refrigerant give up heat? 
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Compression Cycle 



Assignment X-B-2 



Objectives: Upon completion of this lesson, the student will: 

1. Be able to describe a compression cycle. 

2. Be able to tell where the system divides into a high- and low-pressure 
side. 

3. Know the behavior of gases and liquids in the compression cycle. 

Information: The basic cycle is made up of a high-pressure side and a low-pressure side. 

It consists of changing a liquid to a gas and the gas back to a liquid. The 
liquid or gas is called a refrigerant and is the medium from which the 
cooling effect on a substance is obtained. 

Using the schematic X-B-2-1 trace the cycle: 

The liquid refrigerant leaves the receiver (1) under pressure and passes 
through an expansion valve or a throttling device (2) that regulates its 
flow. At this point there is a drop in pressure. The low-pressure liquid 
passes to the evaporator (3) where it turns to a low-pressure vapor. In the 
process of changing from a liquid to a vapor it picks up heat from the 
area causing the area to become cool. The low-pressure vapor enters the 
suction side of the compressor (4) where it is compressed to a high 
pressure gas. From here it flows to the condenser, where it is cooled and 
becomes a high-pressure liquid. This liquid goes to the receiver and the 
cycle begins again. 

The four steps involved in the compression cycle require certain equipment: 

1. Evaporator - high-pressure liquid refrigerant passes through a metering 
device where it drops in pressure. It enters the evaporator as a 
low-pressure liquid. The pressure remains constant to induce 
evaporation. By using the latent heat of evaporation of the refrigerant, 
which it absorbs during tins change in state, a cooling effect is 
produced. 

2. Compressor - the refrigerant enters the evaporator as a low-pressure 
liquid. It changes its state as it passes through the evaporator and 
leaves the evaporator as a low-pressure vapor. As it enters the suction 
line to the compressor, it increases in temperature and becomes a 
slightly superheated vapor. (A vapor at a higher temperature than its 
corresponding pressure). The compressor causes the low pressure vapor 
to be compressed and discharges it to the condenser at a higher 
pressure and temperature. 

3. Condenser - the high pressure and high temperature vapor enters the 
condenser in a superheated state. In the condenser heat is removed and 
the refrigerant changes from its vapor state to a liquid state. 
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4. Receiver - the liquid refrigerant still under high pressure enters the 
receiver. The receiver acts as a storage place in the cycle. The liquid 
refrigerant leaves the receiver under high pressure on its way to the 
evaporator. The throttling device at the evaporator controls the flow 
of refrigerant, it separates the high pressure and the low pressure 
points in the system, and helps control the evaporator pressure. THE 
CYCLE NOW REPEATS ITSELF. 

The behavior of gases and liquids in the cycle may best be explained using 
the schematic X-B-2-2. 

To better understand the behavior of gases and liquids in a refrigeration 
system, trace the action in the following sketch taking particular notice of 
the temperatures and pressures and where changes of state take place in 
the system. 

Starting at the liquid receiver (1) high-temperature, high-pressure 
refrigerant in a liquid state passes through the liquid lines (2) to a 
metering device (3). This may be an expansion valve, or a float-controlled 
valve. They will be discussed in later units. At this point there is a change 
in state and a drop in both temperature and pressure. The refrigerant now 
in a liquid vapor mixture enters the evaporator (5). The refrigerant, as it 
passes through the evaporator, absorbs heat and vaporizes at a constant 
temperature and pressure as indicated at points (6) and (7). The saturated 
vapor (7) is drawn to the suction side of the compressor (9). 

As it passes through the suction line (8), it picks up heat from the air 
surrounding the suction line and becomes a superheated vapor 
(superheated vapor is vapor at a higher temperature than its corresponding 
pressure). In the compression process both the temperature and pressure 
of the superheated vapor (10) increases. The superheated vapor passes 
through the discharge line to the condenser (11) at *vhich point heat is 
removed and the superheated vapor starts turning into a liquid vapor 
mixture (13). Then it turns into a saturated liqird state (14) and finally 
enters the liquid receiver (1). It is now ready to begin the cycle again. 

Reference: Principles of Refrigeration, Dossat 

Procedure: Study the schematics and listed reference; then do the following 
assignment and be prepared to discuss it in class. 

Assignment: 1. Explain where in the system the high-pressure liquid turns into a 
low-pressure liquid. 

2. What causes the low-pressure liquid to turn into a low-pressure vapor? 
Where docs this take place? 
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3. At what point in the system does the liquid refrigerant first start to 
change its state? 

4. What is meant by: 

a. superheated vapor 

b. saturated vapor 

5. Describe the functions performed by: 

a. evaporators 

b. compressors 

c. condensers 

d. receivers 

e. metering devices 
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COOLED 



LIQUID - VAPOR 
MIXTURE 
30° F 28,46 PSIG 



EVAPORATOR (?) 



LIQUID - VAPOR 
MIXTURE 
30 # F 28.46 PSIG 
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Basic Absorption System 



Assignment X-C-l 



Objective: 



Information: 



Reference: 



Procedure: 



Assignment: 



Upon completion of this lesson, the student will understand the basic 
principles of the absorption refrigeration system. 

The absorption system is a non-mechanical refrigeration system that uses a 
substance with the ability to absorb a vapor when it is cool and release it 
when heated. Two substances are used; one is known as the refrigerant and 
the second is the absorbent. Several possible combinations of these 
substances are: 



Absorbent 

a. Water 

b. Lithium Chloride 

c. Lithium Bromide 



Refrigerant 

Ammonia 

Water 

Water 



An absorption system consists of the following basic parts shown in Figure 
X-C-l-1: 



a. 
b. 
c 
d. 



Evaporator 
Absorber 
Generator 
Condenser 



The evaporator and the condenser serve the same purpose as in the 
compression system. The absorber and the generator are comparable to the 
compressor in the compression system. The absorber acts as the suction 
side of the compressor by absorbing the refrigerant; and the generator acts 
as the discharge side by forcing the refrigerant gas into the condenser. 

The most commonly used refrigerant in an absorption refrigeration system 
is ammonia. Vapors from ammonia may be absorbed in large quantities by 
cool water at temperatures between 90° and 100° F. 

Absorption systems may be continuous or intermittent in operation and 
used in domestic or commercial systems. 

1. I*rinciphs of Refrigeration, Dossat 

2. Refrigeration, Air Conditioning, and Cold Storage 

Study the listed references and information; then the following assignment 
and be prepared to discuss it in class. 

1. What is a non-mechanical refrigeration system? 

2. What are the main components in a continuous operating absorption 
refrigeration system? 
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Name some advantages of the absorption refrigeration system over the 
mechanical type refrigeration system. 

What arc some refrigerants commonly used in the absorption system? 

What do you call the material that is used to absorb the refrigerant 
vapor from the evaporator? 
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Basic Absorption Refrigeration Cycle Assignment X-C-2 

Objectives: Upon completion of this lesson, the student will: 

1. Know the basic absorption refrigeration cycle. 

2. Know the purpose of the components in the cycle. 

3. Know how the cycle operates. 



Information: The basic absorption cycle consists of four major components: 

a. Generator 

b. Absorber 

c. Evaporator 

d. Condenser 

A metering device (throttling valve) and pump are also required for the 
conventional system. 

In the ammonia-water system, ammonia is the refrigerant and a solution of 
ammonia and water is the absorbent. A strong aqua solution contains as 
much ammonia as possible, so it has a low affinity for ammonia. A weak 
aqua solution contains considerably less ammonia than a strong aqua 
solution and has a high affinity for ammonia. 

When heat is added to the strong solution in the generator, the ammonia 
vaporizes and is driven out of solution into the condenser where it is 
liquified. The liquid refrigerant passes through a metering valve to the 
evaporator where heat is transferred to the refrigerant from the 
surrounding medium. The weak aqua solution passes from the generator 
through a throttling valve into the absorber where it is sprayed or 
otherwise exposed to the ammonia vapor from the evaporator. Absorption 
of the ammonia vapor forms a strong solution and lowers the pressure in 
the absorber: this induces more vapor from the evaporator. The strong 
solution is pumped back to the generator to begin a new cycle. 

A heat exchanger is added to the system to make the cycle more efficient. 
The heat exchanger serves two purposes. It adds heat to the strong 
solution and cools the weak solution. Cooling the weak solution saves on 
the amount of cooling required to be done in the absorber. 

Now we can review the cycle. The refrigerant absorbs heat from some 
medium in the evaporator. From there the refrigerant is absorbed by the 
absorbent to form a strong solution. This strong solution is pumped to a 
generator where it is heatedjeausing the refrigerant vapor to be removed to 
the condenser. The strong absorbent solution again becomes a weak 
solution arid is used over again. The refrigerant vapor is condensed and 
returns to the evaporator through an expansion valve. This cycle is 
continous. 
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Reference: 1. Principles of Refrigeration, Dossat 

2. Manufacturers' data sheets and catalogs 

Procedure: After having studied the .information and listed references, do the 
following assignment and be prepared to discuss it in class. 

Assignment: 1. What does the term weak solution mean? 

2. What does the term strong solution mean? 

3. The refrigerant in the condenser changes to what state? Explain why? 

4. Explain the purpose of the main components of an absorption 
refrigeration system. 
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Basic Steam Jet System 



Assignment X-D-l 



Objectives: Upon completion of this lesson, the student will: 

1. Understand the basic principles of the Steam Jet system. 

2. Understand the Steam Jet refrigeration system cycle. 

3. Know the purpose of the components in the Steam Jet system. 

Information: The Steam Jet Refrigeration system is used for air conditioning and for 
various processes in industry where steam and condensing water are 
available. Refrigeration requirements are limited to temperatures above 32° 
F. The system can operate with low-pressure steam and can use exhaust 
steam from different equipment operating at higher pressures. 

The object of this system is to lower the pressure in the evaporator, which 
lowers the boiling point of the water. This causes evaporation at a rapid 
rate which cools the water returning to the evaporator. The Steam Jet 
ejector draws the vapor out of the evaporator, compresses it in a nozzle, 
and sends it to the condenser at a high velocity. The condenser condenses 
the vapor with cooling water and the condensate pump removes it from 
the condenser. The chilled water in the evaporator is pumped to the air 
conditioning or refrigeration space. 

The system consists of the following components in Sketch X-D-l-1: 

1. Steam ejector assembly 

2. Evaporator (flash tank or chiller) 

3. Condenser 

4. Circulating pump 

5. Condensate pump 

The purpose of these components are as follows: 

1. Steam ejector assembly - steam expands through the nozzle dropping 
in pressure and increasing in velocity. This causes vapor from the 
evaporator to be drawn from that area into the swift moving steam. 
This mixture then enters the converging pipe to the condenser. 

2. Evaporator - sometimes referred to as a flash tank. It is used to 
collect the chilled water from the air conditioning or refrigeration 
system. The low pressure in this rank causes the return water to flash 
into a vapor, thus reducing its temperature. 

3. Condenser vapor and steam arc condensed using a surface condenser. 
Note: The steam and cooling water do not mix in a surface condenser. 

4. Condensate pump returns the condensate to the boiler fecdvvater 
system. 

The Steam Jet refrigeration system is classified as a non-mechanical type 
system. It has very few moving parts and "can be located anywhere. 
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References: 1. Principles of Refrigeration, Dossat 

2. Refrigeration, Air Conditioning, and Cold Storage 

3. Manufacturers' data sheets and catalogs 

Procedure: After having read the information and studied the reference, do the 
following assignment and be prepared to discuss it in class. 

Assignment: 1. What pressure exists in the evaporator or flash tank? 
Explain how this is accomplished. 

2. How does the condenser work? 

3. In what respect is the Steam Jet system comparable to the absorption 
system? 

4. Where would a Steam Jet Refrigeration system be used and for what 
purpose? 

5. What refrigerant is used in this type of system? 

6. Describe the principles of refrigeration as it applies to a Steam Jet 
system? 



18;> 

171 



Direct and Indirect Refrigeration System 



Assignment X-E-l 



Objectives: Upon completion of this lesson, the student will: 

1. Know the difference between the Direct and Indirect Refrigeration 
systems. 

2. Be familiar with the application of each system. 

3. Be familiar with the secondary refrigerants. 

Information: Any heat transfer surface onto which a refrigerant is expanded and 
evaporated in order to produce a cooling effect is called a direct-expansion 
evaporator, and the liquid is called a direct-expansion refrigerant. A Direct 
Expansion System is one in which the evaporator is in direct contact with 
the space or material being refrigerated, or it is located in air ducts 
- communicating with such spaces. 

Sometimes it is either inconvenient or uneconomical to circulate a 
direct-expansion refrigerant to the area where the cooling is required. In 
such cases an Indirect Refrigerating System is employed. Water, brine or 
some other suitable liquid is chilled and then pumped through appropriate 
piping to the space or product being refrigerated. The chilled liquid, called 
a secondary refrigerant, may be circulated directly around the refrigerated 
product or vessel, or it may be passed through an air-cooling coil. In either 
case the secondary refrigerant warmed by the absorption of heat from the 
refrigerated space or product is returned to the chiller to be chilled and 
recirculated. Indirect refrigerating systems are usually employed to 
advantage in any installation where the space or product to be cooled is 
located a considerable distance from the condensing equipment. The 
reason is that long direct-expansion refrigerant lines are not practical. They 
are expensive to install, require a large refrigerant charge, create oil return 
problems, and cause refrigerant pressure losses which reduce the capacity 
and efficiency of the system. Leaks are more serious and are more likely 
to occur in refrigerant piping than in water or brine piping. 

Indirect refrigeration is required in many industrial process-cooling 
applications where it is often impractical to maintain a vapor tight seal 
around the product or vessel being cooled. Indirect systems are used to an 
advantage in any application where the leakage of the refrigerant may 
cause contamination or other damage to a stored product. 

Secondary refrigerants commonly used are water, calcium chloride 
(solution), sodium chloride solution (both of these solutions are known as 
brine), ethylene and propylene glycols, methanol, and glycerin. Water is 
usually used as the secondary refrigerant in large air conditioning systems 
anH in industrial process-cooling installations where the temperatures 
maintained are above the freezing point of water. Water cannot be 
employed as a secondary refrigerant in any application where the 
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temperature to be maintained is below the freezing point of water. A 
brine, solution is often used in such cases. Brine is the name given 
solutions resulting from various salts being dissolved in water, if a salt is 
dissolved in water, the freezing point of the resulting brine will be below 
the freezing point of pure water. Two types of brine are commonly used 
in refrigeration practice: 

1. Calcium chloride 

2. Sodium chloride 

Certain water-soluble compounds generally described as antifreeze agents 
are often used to depress the freezing point of water. The most widely 
known antifreeze agents are: 

1. Ethylene glycol 

2. Propylene glycol 

3. Methanol 

4. Glycerine 

All these compounds arc soluble in water in all proportions. 

References: 1. Principles of Refrigeration) Dos sat 

2. Manufacturers' data sheets and catalogs 

Procedure: Af;er having read the information and studied the listed references, do the 
following assignment and be prepared to discuss it in class. 



Assignment: 1. Briefly describe a Direct Expansion System of Refrigeration. 

2. Briefly describe an Indirect Expansion System of Refrigeration. 

3. Why are indirect systems used? What arc their applications? 

4. Describe what is meant by a secondary refrigerant. 

5. Can water be used as a secondary refrigerant for all applications? 
Explain your answer. 

6. What is brine? 

7. Where is it used? 

8. What are the advantages of using brine? 

9. What are some of the soluble compounds used with water? Explain 
why they are used. 
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Compressors Assignment XI-A-1 

Objectives: Upon comp'etion of this lesson, the student will: 

1. Recognize the types of compressors. 

2. Know the purpose of compressors in the Refrigeration Cycle. 

Information: Compressors used in refrigeration arc sometimes referred to as vapor 
compressors. There are three principal types: 

1. Reciprocating 

2. Rotary 

3. Centrifugal 

The reciprocating compressor is the one most frequently used. Rotary 
compressors are used in home freezers, refrigerators, and some small 
commercial installations. Centrifugal compressors will be found on large 
capacity systems or 50 tons and over. 

Since the reciprocating compressor is the one so often used let's look at 
the parts in Sketches Xl-A-1-1 and XI-A-1-2. 

The crankshaft (1) transmits the power supplied by a gas engine, a steam 
engine, or an electric motor to the connecting rod (2). The connecting rod 
drives the piston (3) which is responsible for creating the suction and the 
discharge pressures. The suction valve (4) opens on the suction stroke arid 
closes on the discharge or compression stroke. The discharge valve (5) 
closes on the suction stroke and opens on the compression or discharge 
stroke. 

To explain a complete revolution (piston starting at the highest part of its 
stroke and returning) we shall again use the same sketches. As the piston 
moves downward during the suction stroke, it creates a vacuum. This draws 
the refrigerant as a vapor form into the cylinder. The piston continues 
downward and the cylinder is filled to capacity. As the piston moves 
upward the vapor is compressed, causing a higher pressure. The suction 
valve is closed and the discharge valve opens as the pressure increases. 

The refrigerant leaves the compressor through the discharge line at a high 
temperature and pressure. The piston, now on top dead center, is ready to 
begin another revolution or cycle. 

Reference: Principles of Refrigeration. Doss at 

Procedure: After having read the information and studied the reference, do the 
following assignment and be prepared to discuss it in class. 
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Assignment: 1. List the three types of compressors and state where they are used. 

2. Describe one complete revolution or cycle of a reciprocating 
compressor. 

3. In what condition does the refrigerant leave the compressor? 

4. What are the functions performed by the compressor? 
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Metering Devices 



Assignment XI-D-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the purpose of a metering device in a refrigeration system. 

2. Be able to identify the various types of metering devices. 

Information: The purpose or function of any metering device will be the same 
regardless of which type is used. It must accomplish two things: 

1. It must meter or control the rate of flow of the liquid refrigerant to 
the evaporator. The flow rate must be equal to the rate of evaporation 
taking place in the evaporator. 

2. It must establish and keep a pressure differential between the highl- 
and low-pressure side of the system. This is necessary so that the 
refrigerant can vaporize at the desired low pressure in the evaporator 
and be condensed in the condenser at a high pressure. 

There are three basic types of metering devices or flow control devices: 

1. Expansion valves 

2. Float valves 

3. Capillary tubes 

Expansion valves fall into two catagories: 

1. Hand 

2. Automatic 

The hand expansion valve (Figure Xl-D-1-1) is a needle valve that is 
manually operated. The amount of liquid that passes through the valve 
will depend on the valve opening and the pressure differential across the 
valve orifice. The main disadvantage is that it can not respond to load 
changes in the system. Any load change requires a manual adjustment 
which requires an operator's evaluation. This of course can cause a wide 
variety of changes depending on just how sharp the operator is. 

The automatic expansion valve (Figure XI-D-1-2) is made up of a needle 
and seat, a diaphragm or pressure bellows and a spring. The spring tension 
is adjustable and is set to maintain the pressure desired in the evaporator. 
This constant pressure is achieved by two opposing forces. The evaporator 
pressure on the diaphragm causes the valve to try to close and the spring 
pressure opposing this force causes the valve to try to open. This valve is 
pressure actuated. There is also another type of automatic expansion valve 
commonly called a thermostatic expansion valve. 

Float valves are often found in a flooded evaporator system. They arc 
classified according to where they arc found in the system. The 
low-pressure float control valve (Figure XI-D-1 -3) is on the low-pressure 
side of a flooded system and controls the evaporator liquid level directly. 
The high-pressure float control valve (Figure Xl-D-1-4) controls the 
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Reference: 
Procedure : 

Assignment: 



evaporator liquid level indirectly. They can be used on a dry expansion 
type evaporator as shown in Figure XI-EM-4 or in a flooded type 
evaporator system. 

The capillary tube (Figure XI-D-1-5) is probably the simplest refrigerant 
flow control. It is located between the condenser and the evaporator, and 
it consists of a small-diameter tubing of fixed length. The capillary tube 
because of its size restricts the flow of refrigerant from the condenser. 
This controls the necessary operating pressure differential between the 
condenser and evaporator. Design plays a big part in the proper operation 
of the capillary tube. If the tube is too long or too short, too big in 
diameter or too small in diameter, the flow of refrigerant will be affected 
and the system will not operate properly. 

Principles of Refrigeration, Dossat 

Study the information and listed reference; then do the following 
assignment and be prepared to discuss it in class. 



1. 
2. 
3. 
4. 



What is the function of metering devices in a refrigeration system? - 

What is the main disadvantage of a hand-controlled expansion valve? 

How is constant pressure achieved in an automatic expansion valve? 

What type of system would a low-pressure float control valve be found 
in? Where is it located in the system? 

Briefly describe where a capillary tube is found in the system and on 
what principle it operates. 
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Generators 



Assign m ent XI-E-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the location of the generator in the absorption system. 

2. Know the function and operation of a generator. 

3. Be familiar with the construction and types of generators. 

Information: The generator represents a major component in the absorption- 
refrigeration system. It converts the refrigerant in a solution to a vapor at 
a high pressure. This is due to a temperature rise from an external heat 
source, which absorbs latent heat. 

The generator receives the strong solution (refrigerant plus absorbent) 
from the absorber by means of a pump. It is equipped with some means 
of heating the solution, usually a steam or hot water coil immerged in a 
strong solution. As the solution is heated, refrigerant vapor is driven off 
leaving behind a weak solution of absorbent. The weak solution gravitates 
to the bottom of the generator. The bottom of the generator is connected 
by a return pipe to the absorber. Thus the generator is the source of weak 
solution used in the absorber to absorb the refrigerant vapor as it comes 
from the evaporator. 

Because the generator is under high pressure and the absorber is under low 
pressure, a pressure-reducing valve is required in the weak solution line to 
maintain a pressure differential between the two. The refrigerant vapor 
passes from the generator to the condenser. 

The design and construction of a generator may vary according to the 
manufacturer. Basically the generator is a shell and tube type heat 
exchanger. The strong solution passes into the shell. A tube assembly 
containing some heating medium (steam or hot water) passes through the 
inside of the tubes and heats the strong solution. Some manufacturers 
contain the condenser and generator within one shell. 

References: 1. Principles oj Refrigeratioji* Dossat 

2. Refrigeraticnu Air Conditional^, and Cold Storage 

3. Manufacturers' data sheets and catalogs 

Procedure: Study the information and listed references; then do the following 
assignment and be prepared to discuss it in class. 

Assignment: 1. Explain where the generator is located in the system. 

2. What is the purpose of the generator? 

3. How is the strong solution heated? where docs the heating medium 
come from? Explain. 
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What happens to the refrigerant vapor in the generator? 

Explain the term weak solution. 

Explain the term strong solution. 

Describe the construction and design of a generator. 
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Absorber 



Assignment Xf-F-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the location of the absorber. 

2. Know the function and operation of an absorber. 

3. Be familiar with the construction and types of absorbers. 

Information: The absorber is located on the low-pressure side of the system, which 
corresponds to the suction side of the compressor in a compression-type 
refrigeration system. The absorber receives the refrigerant vapor from the 
evaporator, where it has produced its refrigerating effect. The absorber is a 
separate component in which a weak solution of absorbent is sprayed. As 
the vapor from the evaporator enters the absorber, it is absorbed by the 
weak solution. During the process of absorption, the following occurs: 

1. The weak solution is converted to a strong solution. 

2. The temperature of the solution is raised. 

Lowering the absorber temperature increases the amount of refrigerant 
that will go into solution. This is done by circulating water through a coil 
inside the absorber; this increases the refrigerating capacity of the unit. 

The construction and design of the absorber is basically a tube and shell 
type heat exchanger. The refrigerant vapor flows into the shell from the 
evaporator. The weak solution of the absorbent is sprayed into the 
absorber through a spray header. The weak solution absorbs the refrigerant 
vapor. Cooling water flows through a tube bundle on the inside of the 
shell removing the heat from the solution. Depending upon the 
manufacturer the absorber can be separate or a part of the evaporator, 
thereby having one shell for both components. 

References: 1. Principles oj Refrigeration, Dossat 

2. Refrigeration, Air Conditioning, and Cool Storage 

3. Manufacturers' data sheets and catalogs 

Procedure: Read the information, study the listed references, do the following 
assignment, and be prepared to discuss it in class. 

Assignment: 1. Where is the absorber located in the system? 

2. Describe the construction and design of an absorber. 

3. What is the purpose of the cooling water in the absorber? 

4. How docs the cooling water help to increase the capacity of the unit? 

5. What two substances come together in the absorber? What is the effect 
on each of the two substances? 
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Solenoid Valves 



Assignment XI-G-1* 



Objectives: Upon completion of this lesson, the student will: 

1. Know how a solenoid valve operates. 

2. Know where and why they are used in the refrigeration system. * 

3. Know the two basic types of solenoid valves and where they arc used. 

* - 

Information: Ax solenoid, valve is an automatic valve that is operated electrically. They 
are widely used in the refrigeration system on water lines, brine lines, and 
refrigerant lines because of their automatic operation. 

Solenoid valves fall into two basic categories: 

1. Direct acting 

2. Pilot operating 

Figure XI-G-1-1 shows a solenoid valve de-energized, or in its closed 
position, and Figure XI-G-1-2 is in its energized or open position. Figure 
Xfl^G-lz-S shows a pilot-operated valve. It operates as follows: When the 
solenoid coil is energized, it pulls the plunger (1) up into the coil (2) thus 
opening the pilot port (3). This will cause the pressure on top of the 
floating main piston {■■} to flow through the open pilot port. This causes a 
pressure unbalance across the piston: the higher pressure under the piston 
then forces it to move upward which opens the main valve port (5). 

When the solenoid valve is de-energized, the plunger drops,closing the pilot 
port. This causes the pressure to build up on top of the main piston which 
drops and closes off the main valve port. 

Reference: Principles of Refrigeration, Dossat 

Procedure: After having studied the sketches, information, and references, do the 
following assignment and be prepared to discuss it in class. 

Assignment: 1. Why do you think solenoid valves are so widely used in refrigeration 
systems? 

2. What is meant by a direct-acting solenoid valve? 

3. What type of application are direct-acting solenoid valves used on? 

4. What is meant by a pilot-operated valve? 

5. What type of application are pilot-operated valves used on? 
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Suction-Line Regulators 



Assignment XI-G-2 



Objectives: ' Upon completion of this lesson, the student will: 

1. Know the purpose of suction-line regulators. 

2. Know how suction-line regulators work. 

3. Know the application of suction-line regulators 

Information: Trade terminology is important. As we discuss suction line regulators, you 
will notice that these regulators are referred to by more than one name. 

The suction-line regulators are divided into categories: 

1. Suction-pressure regulator, or holdback valve, or crankcase- pressure 
regulator. 

2. Evaporator-pressure regulator, or evaporator-pressure regulator valve. 

The suction-pressure regulator, Figure XI-G-2-1, regulates the downstream 
or suction pressure at the compressor no matter how high the pressure in 
the evaporator rises due to increased evaporator load. This is necessary so 
that the compressor drive is protected from overload during periods of 
abnormally high evaporator pressure. They are recommended for systems 
that may be subjected to: 

1. High starting loads. 

2. Suction-pressure surges. 

3. Suction-pressure high due to hot gas defrosting or reverse cycle 
operation. 

4. Operating at excessive suction pressure for long periods of time. 

Usually the small suction-line regulators will be direct-acting or internal 
pilot-operated. The larger sizes that must be more sensitive are external 
pilot-operated. 

The evaporator pressure regulator, Figure XI-G-2r2, regulates the upstream 
or evaporator pressure. It will prevent the evaporator pressure and 
temperature from falling below its predetermined minimum setting no 
matter how low the pressure falls in the suction line because of the 
compressor. The evaporator pressure regulator will maintain a constant 
pressure in the evaporator; it will also limit the minimum pressure in the 
evaporator. They are used in systems that require evaporator pressures or 
temperatures to be maintained above certain minimums. You will find 
them used on water and brine chillers to prevent freeze-ups during 
minimum loading periods. Another application will be air cooling systems 
that need close humidity control, thus requiring minimum evaporator 
temperatures. 
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The evaporator-pressure regulator valves may be used on any refrigeration 
installation requiring a minimum evaporator pressure or temperature 
regardless of the type of metering valve used. They could be a 
thermo-expansion, high-side or low-side float, or solenoid liquid valves. 

Reference: Ihinciples of Refrigeration, Dossat 

Procedure: After having studied the information and listed reference, do the following 
assignment and be prepared to discuss it in class. 

Assignment: 1. Where is a suction-pressure regulator found in the system? 

2. What purpose does a suction-pressure regulator valve serve? 

3. Under what conditions would you recommend a suction-pressure 
regulator valve? 

4. Where is an evaporator-pressure regulator found in the system? 

5. What purpose does an evaporator-pressure regulator valve serve? 

6. What are some of the applications that require an evaporator-pressure 
regulator valve? 
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Dryers 



Assignment XI-H-1 



Objectives: Upon completion of this lesson, the student will: 

1. Identify and know the location of the dryer. 

2. Know the purpose of the dryer. 

3. Know the different types of dryers. 

Information: Because of the harmful effects of moisture within a refrigeration system, 
every precaution should be taken to prevent its entrance or to eliminate it 
if already present. 

Some of the harmful effects of moisture in a system are: 

a. It can combine with certain refrigerants and form corrosive 
compounds. 

b. It freezes and interferes with the function of expansion valves. 

c. It deteriorates lubricating oil. 

d. It reduces system capacity. 

The amount of moisture in the system may be controlled by the use of a 
suitable Hryer. Dryers are cartridge-like units consisting of an outer shell 
having tube connections at both ends. 

The most effective location for a dryer in most systems is in the liquid 
line between the receiver and the expansion valve. It should be located in 
the cold compartment if at all possible. The reason for selecting this 
location is: 

a. The moisture is concentrated in a much smaller volume of fluid 
when refrigerant is in its liquid state as compared with its 

• vapor state. 

b. It provides better protection for the expansion valve. 

c. The refrigerant travels at its minimum velocity in^ the liquid 
line. 

The drying material used in refrigerant dryers is called the "desiccant". 
The desiccant may be molded into a special form to fit a dryer container, 
or it can be used as granules or in ball form. The drying materials may be 
divided into two general types referred to as (1) the adsorption type and 
(2) the absorption type. 

The adsorption type is a physical process whereby the desiccants pick up 
and hold the moisture. Fluid adheres to the solid surfaces to form a thin 
film without apparent chemical change in either substance. Because the 
bond between the desiccant and the moisture is not permanent, 
reactivation of the material is possible allowing for its re-use. This is 
accomplished by heating at mild temperatures to drive off the mild 
moisture collected in the system. 
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The most commonly used adsorption type materials are silica gel and 
activated alumina. 

The absorption type of desiccant has an affinity for moisture and will 
react with it to form another compound. These dryers cannot be 
reactivated; they must be replaced by a fresh charge. This type of dryer 
must be replaced every 12 to 18 hours and the advantage of using this 
type is in its ability to absorb moisture <:apidly. 

References: 1. Manufacturers' data sheets and catalogs- 

2. Refrigeration, Air-conditioning, and Cool Storage 

3. Principles of Refrigeration 

Procedure: Study the listed references, do the following assignment, and be prepared 
to discuss it in class. 

Assignment: 1. Why must moisture be removed from the system? 

2. The desiccant used in a dryer must be capable of doing several things. 
What are they? 

3. What are the two types of dryers? 

4. Why are most dryers placed ahead of the expansion valve? 

5. Describe the two types of dryers and the material used in them. 
Explain how they remove the moisture from the system. 
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Filters and Strainers Assignment XI-H-2 

Objectives: Upon completion of this lesson, the student will: 

1. Identify and locate the filter and strainer. 

2. Know the purpose of a filter and strainer. 

3- Be familiar with the design and construction of filters and strainers. 

Information: Any refrigeration system will accumulate a certain amount of foreign 
matter that eventually interferes with good operation. Gums, sludge, fibers, 
waxes, and abrasive particles occur in refrigeration systems, as well as in 
water, oil, or any other circulating systems- The source of the 
contamination can be a poor grade or quality of lubricating oil, packing, 
scale, frictional surfaces including compressors, pumps, and valves- Unless 
this material is continually removed, proper valve seating, fouled control 
mechanisms, clogged orifices, and aggravated wear of frictinnal surfaces 
will result. The installation of flow-line cleaners such as filters and 
strainers are used to remove this foreign matter from the system. Filters 
and strainers arc located throughout the system. They are found before 
drvcrs or expansion valves and on the suction side of the compressor. The 
screening ability of any cleaner depends upon the density and depth of 
the filtering material, or the mesh size of the strainer element. Another 
important factor is the amount of exposed area and the pressure drop 
across the cleaning assembly. Strainers arc effective in trapping foreign 
material of relatively small size which would be capable of preventing 
proper control seating. They are designed for straight-line flow or in the 
form of a demountable trap. Filters arc capable of removing material of 
microscopic size. They are equipped with fiber filters and arc recommended 
tor use in new systems. 

References: 1. Manufacturers' data sheets and catalogs. 

2. Refrigeration* Air Conilitioning and Cold Storage. 

Procedure: After having studied the material and listed references, do the following 
assignment and be prepared to discuss it in class. 

Assignment: 1. What is the purpose of a strainer in the refrigeration system? 

2. Where are strainers located in the system? Why? 

3. Describe a filter arid trap and discuss design in relation co screening 
abilitv. 
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Liquid Flow Indicator 



Assignment XI-H-3 



Objectives: Upon completion of this lesson, the student will: 

1. Know the purpose of a liquid-flow indicator. 

2. Know the location of a liquid-flow indicator. 

Information: To determine the amount of liquid flowing through a pipe, liquid 
indicators are used. Such indicators are installed in the liquid line so that 
the liquid passes directly through them. Looking through the window of a 
liquid indicator is the simplest way to determine whether there is a 
refrigerant shortage. This could be due to leaks in the system or failure to 
charge enough refrigerant in the system. Liquid indicators are pipe fittings 
equipped with a sight glass through which the flowing refrigerant may be 
seen. Partial flow of liquid refrigerant is indicated by a bubbling action. 
Some indicators are manufactured with double ports which are on 
opposite sides of the pipe, thus helping the operator see the liquid easier. 
The indicators are made with either flare or solder connections. 

References: 1. Data sheets and catalogs. 

2. Refrigeration^Air Conditioning and Cold Storage 

Procedure: After having studied the listed references and information, do the 
following assignment and be prepared to discuss it in class. 

Assignment: 1. What is the purpose of a liquid-flow indicator? 

2. How will a lack of refrigerant be indicated in the sight glass? 

3. Where is the indicator located in the system? 

4. How can the indicator be attached to the system? 
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Spray Ponds 



Assignment XII- A-l 



Objectives: 



Information: 



Reference: 
Procedure: 

Assignment: 



Upon completion of this lesson, the student will: 

1. Be familiar with a spray pond. 

2. Understand the theory of operation of a spray pond. 

A source of cooling water for power and manufacturing plants can be a 
spray pond. Spray ponds are used where the plant is not located close to a 
river or lake and cooling water is required. Heated water is forced through 
nozzles under pressure ranging from 3 to 15 pounds and is broken up into 
a number of fine sprays. The nozzle is designed to give a whirling motion 
producing more atomizing of the water. By breaking the warm water up 
into a fine mist and exposing it to the evaporation and cooling effect of 
the atmosphere, the temperature of the water is reduced. This water can 
now be recirculated through the plant cooling system. Spray cooling 
systems will reduce the temperature of the water anywhere from 20° to 
40° depending on the temperature and humidity of the surrounding air. 
The depth of the cooling ponds is generally 3 to 4 feet. The depth has 
little influence on the cooling effectiveness; surface area is the determining 
factor. A spray pond requires less ground area than a cooling pond. One 
sq.ft. of surface will take care of 150# of water per hour for a 500 hp 
plant. Spray ponds are sometimes located on roofs of buildings when 
ground area is not available. 

Steam Plant Operation 

After having studied the reference and read the information, do the 
following assignment and be prepared to discuss it in class. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 



Describe a spray pond. 

What is the purpose of a spray pond? 

What is the purpose of the cooling water in a recirculating system? 

List the features required of a good spraying system. 

Why is it necessary to use a spray nozzle? 

How much pressure is required on spray pond pipe systems? 

How much of a temperature drop can you expect using a spray pond? 
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Cooling Towers — Natural and Mechanical 



Assignment XU-B-1 



Objectives: Upon completion of this lesson, the student will: 

1. Be familiar with natural and mechanical cooling towers. 

2. Be familiar with the theory of operation of cooling towers. 

Information: Whenever there is insufficient water or where v/atcr is unsuitable for use in 
condensers, some type of water recirculating system must be employed. 
Water cooling towers are used for this purpose and may be classified as 
follows: 

A. Natural draft open or atmospheric type 

B. Natural draft closed or flue type 

C. Induced draft 

D. Combined forced and natural draft 

In most cases the water in cooling towers is delivcrd to the top of the 
tower and then permitted to fall to a tank below the tower. The water to 
be cooled is pumped to the top of the tower to a distribution system of 
sprays or troughs where the water drains through triangular shaped Weirs. 
The water flows by gravity onto horizontal rows of cypress or redwood"' 
breaking into a fine spray. The water is cooled as it falls by gravity 
through the entire cooling surface to the tank at the base of the tower. 

Satitral draft open or atmospheric towers arc constructed of louvers or 
slats around the outside with special openings between them. 

\'atitral draft closed or flue type towers arc constructed with closed sides 
and the addition of a considerable height above the portion of the tower 
containing the cooling surfaces. 

Mechanical draft towers have the sides closed forming an air- and 
water-tight structure and arc usually built in units or cells. 

The mechanical forced draft tower has a fan at the base of the tower 
delivering air under pressure to the interior, forcing the air through the 
outlet at the top of the tower. 

The mechanical induced draft tower has a fan located at the top of the 
tower. The air is drawn in through louvers at the base of the tower. The 
water to be cooled flows by gravity downward through the tower and is 
broken into a fine spray. The air passes upward through the tower- the 
water gives up its heat to the rising column of air by evaporation, 
convection and radiation. 



References: 1 . lliemcntary Stea*}i Power V.nginecrhig 
2. Steam Plant Operation 
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Procedure: After having studied the listed references, do the following assignment and 
be prepared to discuss it in class. 

Assignment: 1. What is the principle difference between the spray pond and the 
cooling tower? 

2. Describe and explain how a cooling tower operates. 

3. Name the different types of cooling towers and explain how each 
works. 

4. What purpose can the water in the recirculating cycle be used for? 

5. What method of heat transfer is used in cooling towers? Explain. 
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Cooling Water Treatment 



Assignment XII-C-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know why cooling water is treated. 

2. Know how to treat cooling water. 

Information: Cooling water in recirculating systems must be chemically treated to 
remove harmful impurities that may deposit on the internal surfaces of 
piping machinery and controls. There deposits coat the internal surfaces 
and interfere with heat transfer thus lowering the capacity and proper 
operation of the equipment. For scale formation to take place, it is not 
necessary for the water to be heated to the boiling point. Scale formation 
can take place at temperatures below 100° F. The two most common 
types of scale are magnesium carbonate and calcium carbonate. The 
method of treatment to be used for cooling water will vary according to: 

A. The purpose for which it is used. 

B. The composition of the water. 

C. Whether or not it is to be recovered or reused. 

Scale forming impurities can be removed by the use of .water softening 
equipment which will remove these impurities before the water is added to 
the cooling system. This is sometimes referred to as external treatment. 
Organic chemicals and compounds are also added to the cooling water. 
This forms a sludge which is removed by bleed-off directly from the 
bottom of the cooling system. Adding chemicals directly to the cooling 
water is referred to as internal-treatment. The bleed-off is a drain line 
connected to the cooling water system in which water is continually 
removed. The amount of bleed-off varies and depends on the size of the 
unit and the hardness of the water. Corrosion must also be controlled for 
it can cause metal surfaces to deteriorate causing leakage. In order to 
control corrosion of the cooling water tower, pipes, controls, and pumps, 
* it is largely a matter of controlling the pH value and the amount of 
oxygen in the water. 

Water with a pH value of 7 is called neutral, if the pH value is below 7, 
the water is considered to be acid; above 7, it is alkaline. The 
determination of the pH value for water is simple and gives an easy 
method of determining the acidity of cooling water. Coolant water under 
certain conditions may also form deposits such as algae and other organic 
growths. In general . copper sulfate and chlorine will be used to combat 
these conditions. This type of treatment is known as internal treatment. 

References: 1. Steam Plant Operation 

2. Data sheets and catalogs. 
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Procedure: After having read the information and studied the listed references, do the 
following assignment and be prepared to discuss it in class. 

Assignment: 1. Why is chemical treatment of cooling tower water advisable? 

2. Why is excessive blow-off uneconomical? 

3. What is meant by the pH value of water? 

4. What pH reading would you have with neutral water? 

5. What would a high pH reading indicate? 

6. What type of chemicals are used in cooling water treatment? 

7. What is the danger of algae formation? 

8. How is algae controlled? 
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Basic Ventilating System 



Assignment Xlll-A-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the purpose of a ventilating system. 

2. Know-fche parts of a ventilating system and their function. 

Information: The purpose of any ventilating system is to remove foul air and introduce 
fresh, dust- free, tempered air into a building. Many factors must be 
considered in the design and layout of a ventilating system. The air being 
removed must be discharged to the outside in such a manner that it can 
not be brought back into the building. If toxic fumes are being vented, 
care must be taken to discharge them so that they do not endanger people 
working outside or in neighboring buildings. Dust particles must be 
trapped so that they do not pollute the atmosphere. In order to have a 
v^ell designed system, some of the following equipment will be used. 

A. Intake fans — fans that bring in fresh air. 

B. Exhaust fans — fans that remove air and discharge it outside. a 
building. 

C. Filters — reusable or throw-away types used to remove dirt 
and pollen from the air. 

D. Dampers — used on both intake and exhaust fans. Thc\ can 
regulate flow of air into a fan and also prevent reversible air 
flow on exhaust fans. 

E. Duct work - air travels through duct work entering and leaving 
a building. This helps to distribute air where it is needed or 
wanted. 

Ventilating systems that arc to be used for schools must conform to state 
guidelines that aresct forth in a book Guide for Planning School PUmts. In 
part it states: 

Classrooms — change of 15 cubic feet of air per minute per 
person 

Toilets — six complete air changes per hour. System to be 
entirely independent of systems servicing the rest of the 
building. 

Classroom and toilet exhaust systems must have separate 
-exhaust ducts and exhaust fans. They must be located in a 5 
position high enough to discharge the foul air in such a 
manner that it cannot gain entrance to any shop or 
classroom. The following pictures will give you some idea 
of a school ventilating system. 
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The classroom exhaust fan (Fig. XIII-A-1-1) suctions air 
from all classrooms (Fig. XIII-A-1-2), shops (Fig. 
XIII-A-1-3), and lockers in the corridors (Fig. XIII-A-1-4). 
The foul air is discharged through large louvers located on 
the building roof (Fig. XIII-A-1-5). You will notice the 
louvers are closed in the picture. They are air controlled so 
that they close when the fan is not in use to prevent a 
back draft from high winds. 
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Fig. X1II-A-1-3 
Typical Shop 
Duct located at lower left. 




Fig. XIH-A-1-4 
Ducts under lockers in corridors. 
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Fig. XiII-A-1-5 
Large louvers which discharge foul air 
from classrooms and shops. 




The toilet exhaust fan, Fig. XJTI-A-1-6, has separate duct 
work leading from all the lavatories in the building. It will 
discharge the air from the highest point of the building so 
that tl.re is no chance of foul air re-entering Jic building. 




Fig. XII-A-1-6 



Separate fan and duct work 
leading from lavatories 
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Fig. XIII-A-1-7 is a special fan located on the roof. It is 
connected by duct work to the hood over the range in the 
kitchen where it removes heat and cooking odors. 




Fig. XIII-A-1-7 
Special fan connected by duct work 
to range hood in kitchen.. 



Reference: Manufacturers' data sheets and catalogs. 

Procedure: After having studied the information and listed references do the following 
assignment and be prepared to discuss it in class. 

Assignment: 1. Why do you think it is important to be able to handle the movement 
of air? 

2. Do you think it essential to use filters in a ventilating system? 

3. What would happen if the filters were not cleaned or replaced when 
dirty? 

4. Why do you think it is necessary to change 15 cu.ft. of air per minute 
per person in classrooms? 
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Ventilating Fans 



Assignment Xlll-B-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the purpose of ventilating fans. 

2. Know the various types of ventilating fans. 

3. Know the various sizes of ventilating fans. 

Information: In our desire to control our environment, it became necessary for us to be 
able to move air. This is accomplished by using either intake fans, exhaust 
fans, or combinations of both within the same system. The State has 
established certain guidelines that must be followed. For example, in 
schools there must be definite amounts of air brought into and taken out 
of a classroom for each person in that room. The people who design 
school buildings must take this into consideration. The ventilating system 
must be capable of moving enough air. 

You may have seen large hoods over the stoves in restaurants. They have 
large exhaust fans installed in these hoods to remove the heat and the 
odor of cooking. In industry exhaust hoods are installed to remove 
offensive and poisonous fumes. 

The intake fan is one which brings fresh air in from the outside. The 
building would have some exhaust vents to remove the stale air. 

The exhaust fan is one that suctions air from the building. Fresh air will 
enter to take the place of the air that has been removed. 

Some systems have both intake and exhaust fans. 

The main types of fans arc: 

A. The propeller type - you must be familiar with this fan. It is 
found around the home as an exhaust or circulating fan. It uses 
a screw action of a disc-like blade to move air in a straight 
flow. 

B. Centrifugal fan - used to move large volumes of air or gas at a 
higher pressure than the propeller type. Air enters at the center 
of the wheel and due to centrifugal force is forced to the 
outside edge of the wheel where it increases the pressure. 

The propeller or centrifugal fan can be direct or belt driven; it comes in a 
variety of sizes. The propeller type is for low pressure and the centrifugal 
is for high pressure. 

Reference: Manufacturers' data sheets and catalogs. 
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Procedure: After having studied the information and listed reference, do the following 
assignment and be prepared to discuss it in class. 

Assignment: 1. Can you think of uses of fans other than those listed? 

2. Why is it important to be able to handle and control the movement of 
air? 

3. Why do you think it necessary for the State to establish guidelines? 
^4. What are the two general types of fans in use today? 

5. Describe each type of fan. 

6. What types of drives do fans have? 

7. What size fans are available today? 
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Duct Work 



Assignment XIIi-C-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the purpose of duct work. 

2. Understand duct work design. 

Information: The definition of the word "duct" is a tube, pipe, or channel for carrying 
liquid, air, wires, etc. We intend to discuss ducts in relation to a 
ventilating system. 

Air-duct design is a compromise between friction loss on one hand and 
excessive duct size on the other. The sizes should be selected to give 
reasonably low friction losses without being so large as to be awkward. 
The space required for duct work is often a serious matter architecturally. 
A good air distribution system is one that permits quick, satisfactory 
balancing and provides the best possible comfort condition in a building. 

When the duct distribution system is designed, consideration must be given 
to the type of foundation, number of stories, area of the house, total heat 
losses, location of walls, attic space available, and the location of rooms. 

Most warm air ducts are installed without insulation. Because of heat gain 
and condensation, cooling ducts must be insulated. Ducts arc also 
insulated to control the noise level in certain areas. 

The distribution and introduction of air to the room plays a very- 
important part in the system. One method for introducing air is to use 
either a grille which is a barred or ornamented face for an inlet or an 
outlet. You may use a ref'fst'er that also includes a damper for cutting off 
the air flow. Depending upon the design of the system, these air inlets and 
outlets can be located in the wall or ceiling. To properly do the job, the 
air must be circulated in the room without creating drafts. You need a 
reasonably uniform distribution to produce a uniform temperature and 
avoid the accumulation of odors. 

The exhaust system and the location of exhaust grilles in the rooms arc 
important. Corridors, the space between false ceilings, and the concrete 
floor "can be used to advantage. Exhaust grilles must be arranged that no 
one will receive any uncomfortable draft. Exhaust grilles are sometimes 
designed with a fine-mesh screen to prevent combustible rubbish in the 
ducts. 

Air ducts are built of galvanized stock. The sections are joined together by 
a lock joint. Many of today's smaller systems in one-family homes are 
built around fiberglass ducts. 
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References: 1. Heating and Air Conditioning 

2. Manufacturers* data sheets and catalogs 



Procedure: Read the information and listed references; then do the following 
assignment and be prepared to discuss it in class. 

Assignment: 1. What part does friction loss play in designing an air duct? 

2. What is the purpose of a duct in a ventilating system? 

3. Why are some ducts insulated? 

4. Does it matter how the air is introduced into the room? Explain. 
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Air Filters 



Assignment Xlll-D-1 



Objective: Upon completion of this lesson, the student will know the purpose, 
location, and types of filters used in ventilating systems. 

Information: Air filters are located in the duct of ventilating systems to remove lint, 
large dust particles, and pollen from the air. 

Filters can be the replaceable type or the type that can be cleaned and 
reused again. The cleaning or replacement of these filters depends upon 
the flow of air through the filter. 

Most small air conditioning and heating units use the throw away type of 
filter. The casing is heavy cardboard or fiber. Air passes through the filter 
leaving the foreign particles behind on the filter material. 

Some filters are dipped into oil to coat the surfaces of the filter material. 
The oil traps the dirt as the air passes through the filter. 

The dimensions of filters are largely standardized. Air filters should fit 
tightly into the holder or frame. Care must be taken in the installation of 
filters that no air bypasses the filter. They should be inspected 
periodically, cleaned, and replaced when they arc heavily loaded with lint 
and dust. 



Reference: 
Procedure: 



Assignment : 



Manufacturers' data sheets and catalogs 

Study information, manufacturers' data sheets and catalogs; then do the 
following assignment and be prepared to discuss questions in class. 

1. Where is the filter located in a ventilating system? 

2. Describe the two types of air filters. 

3. What is the purpose of air filters in a ventilating system? 
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Washers and Precipitators 



Assignment X1I1-E-1 



Objective: Upon completion of this lesson, the student will know the purpose and 
location of washers and precipitators. 

Information: Thc^ air washer is used to remove dust from the air in addition to acting as 
a hu it idifier, dchumidifier, and cooler. 

The air washer is located in the ventilating duct; it consists of three 
elements: the spray nozzles, the scrubber plates, and the eliminator plates. 

The nozzles arc placed in a bank across the path of the air. The water is 
forced through them by a pump and is discharged in a fine conical spray 
or mist in the direction of the air flow. In some cases, two or three banks 
of nozzles are used. The air, drawn through the washer by the fan is thus 
brought into intimate contact with the water, and some of the dirt and 
soluble gases arc removed. 

Scrubber plates, which are designed to change the direction of the air 
flow, arc kept wet by the spray nozzles. The dirt in the air is thrown out 
from the air by its inertia and by rhr rubbing of air over the wet surfaces. 

Following the scrubber plates arc the eliminator plates whose function is 
to remove the trapped water from the air. The lower part of the washer is 
a tank in which the water collects. The water is taken from the tank by a 
circulating pump. A float valve admits fresh water as required. 

The washes docs a fair job of cleaning; it can also be used for 
humidifying, cooling, and dchumidifying. 

Another means for removing dust from the air is the use of an electronic 
precipitator. This method consists of importing an electrical charge to each 
dust particle by passing the air between electrodes and then collecting the 
dust on parallel plates as the air passes between them. The precipitator is 
fitted into the duct work and has a very high cleaning efficiency. 

References: 1. Manufacturers' data sheets and catalogs 
2. Heating anil Air Conditioning 

Procedure: After having studied the above information and references, do the 
following assignment and be prepared to discuss it in class. 

Assignment: 1. What is the purpose of the air washer and precipitator? 

2. Explain the location of the air washer and precipitator and tell how 
they operate 
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Air Conditioning 



Assignment XIV-A-1 



Objective: 
Information: 



Reference: 
Procedure: 



Assignment : 



Upon completion of this lesson, the student will understand what is meant 
by the term air conditioning. 

The term air conditioning is misused by most people. When they think of 
air conditioning, they think of summer and the cooling of a house or 
room. This is only one small part of air conditioning. 

Air conditioning involves the following: 
1. Control of humidity in the air. 

'.L Control of the air temperature. This could mean the addition ot heat or 
the removal of heat. 

3. Circulation of air, bringing in fresh air, and the removal of stale or 
foul air. 

4. Filtering and cleaning the incoming air. 

Now, it should be obvious to you that by running an air conditioner, you 
are not necessarily air conditioning the air. 

Principles of Air Conditioning 

After having studied the listed reference, do the following assignment and 
be prepared to discuss each in class. 

1. Explain the 3 ways a body gives off heat, 

2. What is meant by relative humidity? 

3. How would vou dcHnc air conditioning. 
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Air Conditioning Applications 



Assignment XIV-B-1 



Objective: Upon completion of this lesson, the student will understand the 
application of domestic, commercial and industrial refrigeration. 

Information: The field of refrigeration is broken up into 6 broad categories: 

a. Domestic 

b. Commercial 

c. Industrial 

d. Marine 

e. Domestic air conditioning 

f. Industrial air conditioning 

We will only discuss the first 3 categories since air conditioning has been 
discussed in other assignments, and marine refrigeration could easily fall in 
the category of industrial refrigeration. 

Domestic Refrigeration 

Deals with the domestic refrigerators and freezers used in the home. This 
field is important because there are so many units in operation. 

Commercial Refrigeration 

May be broken up into (3) main groups. 

1. Display cases 

2. Reach-in refrigerators 

3. Walk-in coolers 

They are used by markets, hotels, retail stores, restaurant, etc. 

Industrial Refrigeration 

Larger in size than commercial units and often require a licensed engineer 
to operate them. They arc found in frozen food lockers, ice plants, 
breweries, food packing plants, chemical plants, etc. 

Regardless of which of the three categories wc discuss, the refrigeration 
process remains the same. It involves three basic factors. 

1. Exchange of heat. 

2. Control of pressure 

3. Liquid-gas relationship 

The tefrigcration process is simple. It consists of changing a liquid to a gas 
and then the gas back to a liquid. This is repeated over and over again. We 
will learn how this is done and the part each piece of equipment plays in 
the system. 

Reference: Basic refrigeration book 
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Procedure: 



After having read the information and reference, do the following 
assignment and be prepared to discuss each in class. 



Assignment: 1. List at least three applications of domestic, commercial, and industrial 
refrigeration. 

2. What are the 3 basic factors that must be controlled in the 
refrigeration process? 

3. What does the refrigeration process consist of? 
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Air Conditioning Cycle 



Assignment XIV-C-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the air conditioning cycle. 

2. Know the equipment found in the air conditioning cycle and the 
purpose it serves. 

Information: In previous lessons the term air conditioning was explained. Now we will 
go into the basic air conditioning cycle. Figure XIV-C-1-1 will make the 
cycle easier to follow: 

The fan (1) supplies air to the supply duct (2) which leads to the room 
(3) beinf* serviced. The air enters the room through registers (4). The air is 
drawn from the room through return registers (5) to return ducts (6). The 
dust and impurities in the air pass through filters (7). The clean air is now 
passed over either heating coils (8) or cooling coils (9) depending on the 
time of the year. 

It might be to our advantage at this time to explain in a little more detail 
the function of each piece of equipment. 

1. Fan — Responsible for moving the air into and out of the space being 
serviced. The air usually is made up of both indoor and outdoor air. 
Proper fan selection is important in order to , supply the correct 
amount of air without causing uncomfortable drafts. 

2. Supply Ducts — Sheet metal ducts that carry the air from the fan to 
the room in question. They should be laid out in as short runs and 
with as few bends as possible. Sizing is also important; improper sizing 
could cause restricted air flow and a whistling noise which is most 
disturbing. 

3. Room Space - The room or rooms to be serviced by an air 
conditioning system arc an important part of the cycle. The rooms 
must be properly constructed and insulated to minimize the loss of 
heat or cooling effect that you are trying to achieve. Poor insulation 
and construction could put such a heavy load on a system that it 
would be very inefficient. 

4. Supply Register - Needed to supply the air to the room in such a way 
as to eliminate annoying drafts. They arc usually equipped with 
dampers that can be manually adjusted. 

5. Return Registers - Usually located at extreme opposite wall from 
supply register. If supply register is located in the ceiling, the return 
register usually will be located on or near the floor. 

6. Return Ducts - Air passes through return registers to return ducts. 
Then the air is brought back to be reprocessed for the next cycle. 
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7. Filters - The filters are located in the return duct before the fan. 
They may be the reusable or throw-away type. They remove dust and 
dirt particles from the air. Some new systems have electrostatic 
precipitators that attract the dust and pollen electrically. Some filters 
use a water spray to trap out the dust and pollen. 

8. Heating Coils - Located after the filter to prevent the coils from becoming 
loaded with dust and dirt. Only used during the heating season. 

9. Cooling CoLls — Located after the heating coils. Used during the 
months that require the air temperature to be lowered. 

References: Principles of Air Conditioning, Lang 

Modern Refrigeration and Air Conditioning, Althouse and Turnquist 

Procedure: After having studied the listed references and information, do the 
following assignment and be prepared to discuss it in class. 

Assignment: 1. Why do you think outside air is necessary in the cycle? 

2. What do you think would happen if the filters were not cleaned or 
replaced? 

3. Why should the filters be located before the heating and cooling coils? 

4. What would be the effects on a system running without filters? 

5. What function is performed by cooling coils other than just cooling 
the air? 
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Electrical Terminolog 



Assignment XV-A-1 



Objective: Upon completion of this lesson, the student will know the meaning of 
such electrical terms as voltage, amperage, ohm, wattage, alternating 
current, and direct current. 

Information: Electricity is a form of energy that can be converted from other forms of 
energy such as heat or mechanical energy. Electricity is a flow of electrons 
(negative charges) that move toward protons (positive charges.) 

The ampere is a unit that is used to express quantity or number of 
electrons that are flowing per unit of time. You may think of this in the 
same manner as gallons per minute in a water line. 

The volt is a unit that is used to measure the pressure differential between 
two points of a conductor. It is the force that is causing the electrons to 
move. You may also look at it as being similar to the pressure needed to 
have water flow in a pipe. 

The ohm is a unit that is used to express resistance in a conductor to the 
flow of electrons. This is similar to the friction that occurs in pipes when 
water is passed through. Power is the rate of doing work. 

The basic unit of electrical power is the watt. It can be found bv 
multiplying the voltage times the amperage. 

There arc two types of electricity irt use today - direct current and 
alternating current. Direct current is when the electrons flow in one 
direction only. Alternating current is when the electrons flow momentarih 
in one direction and then change to the other direction. 



Reference: Modem Refrigeration and Air Conditioning. 

Procedure: After having studied the above information and reference, do the 
following assignment and be p re pared to discuss it in class. " ~ f 

Assignment: Give a complete definition of the following electrical terms. 

a. Voltage 

b. Amperage 

c. Ohm 

d. Wattage 

e. Direct current 

f. Alternating current 
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Ohm's Law 



Assignment XV-A-2 



Objective: Upon completion of this lesson, the student will understand the 
relationship among current, voltage and resistance in direct current 
circuits. 



Information: The relationships of current* voltage, and resistance mu£t be considered in 
every electric circuit. George Simon Ohm was the first to prove that there 
was a relationship between current, voltage, and resistance in a DC (direct 
current; circuit. Ohm's Law emerged from these experiments. The law 
states that the current in an electric circuit is proportional to the voltage 
and inverselv proportional to the resistance. 

It may be expressed by the following equations: 

E Current equals the voltage divided by 
the resistance (amps). 

Resistance equals the voltage 
divided by the current (Ohms). 

Voltage is equal to the product of the current 
times the resistance (volts). 



R 
I 

IR 




I = 2 AMPERES 



E= 12 VOLTS 



R = 

6 OHMS 




SERIES CIRCUIT 



Fm. XV \ 2 1 



A simple circuit diagram F igure XV A 2 1 
contains a 12 \olt battel \ 



is shown above. 
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m ammeter, and a resistor connected in sltic" 
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Let us now see if we can use Ohms Law to solve some problems involved 
in our scries circuit. 

Example: 1 . Find the current when the battery voltage is 12 volts and the 
resistance is 6 Ohms. 

E 

Equation I = — 
Substitute I = 

6 

Solve I = 2 amps 

2. Find the resistance when the voltage is 12 volts and the current is 2 
amps. 

E 

Equation R = — 
1 2 

Substitute R = — 

Solve R = 6 Ohms 

3. Find the voltage when the current is 2 amperes and the resistance is 6 
Ohms. 

Equation E = !R 
Substitute E = 2 X 6 
Solve E = 12 volts 



FACTOR 
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SUMMARY TABLE 



Fie. XV-A-2-2 
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Procedure: After having read the information and studied the sample problems, do 
the following assignment. 

Assignment: 1. Write the Ohm's Law equations for finding: 

a. Voltage 

b. Current 

c. Resistance 

2. What current will flow through a coil having a resistance of 12 Ohms 
if the applied voltage is 48 vcAs. 

3. What is the resistance of a light bulb with 1 ampere flow at 110 volts. 

4. How many volts will be required to produce 1.5 amps through a coil 
with 6 Ohms resistance. 

5. The resistance in a circuit is 100 Ohms and it is connected to a 4 -volt 
battery. What is the amperage in the circuit? 
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Solving Electrical Power Problems Assignment XV-A-3 

Objective: Upon completion of this lesson, the student will know how to solve 
electrical power problems. 

Information: Power is the rate at which work is done. In an electrical system, it is 
measured in watts which arc based upon voltage and amperage. These 
terms of measurement involve force, quantity, and time. To find the 
power of an electric circuit in watts, you find the product of the voltage 
times the amperage or: 

watts = volts X amperes 

W = E X I 

Because both the voltage and amperage are related to the resistance in a 
circuit by Ohm's Law, we can involve resistance in our power equations. 

W = E X I E = IR 

Substituting IR for E we have: 
W = IR X I = I 2 R 

E 

Substituting — for I 

E E 2 
W=EX-= X 



Power in a circuit can be expressed by the following equations: 

1. W = E X I 

2. W = I 2 X R 

E 2 

3. W = — 

R 

The power using the above equations will be given in watts. This may be 
converted to kilowatts by dividing watts by 1000. 

1 KW = 1000 watts 

By multiplying the number of kilowatts used in an electrical system by 
the number of hours it was used, you can determine the total power used. 

Example: If 100 KW were used for a period of 12 hours, then the total power used 

would be: 

KW X HR = KWHR or Kilowatt Hours 
100 X 12 = 1200 KWHR 

Procedure: After having studied the above information, do the following assignment. 
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Assiunment: 1. How manv watts would be used in each of the following circuits. 

a. 1 20 volt at 5 amps 

b. 1000 Ohm resistor at 1 amp 

c. 6-Ohm resistor at 12 volts 

d. C J amps at 1 20 volts 

2. What is the resistance of a 60 watt, 120 volt lamp? 
3« Find the current for a 800 watt. 120 volt toaster, 

4. What will it cost to run the toaster in problem 3 for 5 hours if ener^v 
costs 3 cents per KWH. 

5. A 6-volt battery is charged at a 5-amp rate for 24 hours. How main 
KWHK of energy is put into the battery. 
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Electrical Circuits 



Assignment XVrB-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know how a simple series circuit is connected. 

2. Know how a simple parallel circuit is connected. 

3. Know how a series-parallel circuit is connected. 

Information: An electrical circuit is a path over which an electrical current moves from 
its source to motors, heaters, lights, controls, or other electrically operated 
equipment. This is usually done with copper wire that is connected to all 
parts of the circuit. 

A series circuit has the^'resistances such as lights or controls in line with 
each other. 



SOURCE 
OF POWER "TZT 



LIGHTS 



SERIES CIRCUIT 



Fig. XVj-IM 1 



A parallel circuit has the resistances along side of each other as in the 
following sketch. 



SOURCE 
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LIGHTS 
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PARALLEL CIRCUIT 
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Fig. XV-B-1-2 



A series-parallel circuit combines both series and parallel circuits into one 
circuit. 



SOURCE 

OF POWER ^ 




SERIES - PARALLEL 
CIRCUIT 



Fig. XV-B-1-3 



Reference: 
Procedure: 



Assignment: 



Basic electricity text 

After reading the above in 1 urination and reference, do the following 
assignment and be prepared to discuss it in class, 

1. Show with a line drawing a series circuit with the following 
components: 3 switches. 3 lamps. 

2. Show with a line drawing a parallel circuit with the following 
components: 3 motors. 3 heaters. 

3> Show with a line drawing a series-parallel circuit with the following 
components: 2 motors in parallel, 2 lamps in series. 
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Series Circuits 



Assignment XV-B-2 



Objectives: Upon completion of this lesson, the student will: 

1. Know how to find the value of the current in a series circuit. 

2. Know how to find the total resistance in a series circuit. 

3. Know how to find the voltage across any resistor in a series circuit. 

Information: In a series circuit, there is only one path for the current to take. Each 
device is connected together in a continuous path. 

Because there is only one path, they are said to be in series and the 
current moving through this circuit must be the same throughout. See 
figure XV-B-2-1. 

60 OHMS 50 OHMS 



— Mh 




100 
OHMS 




aAA/WW\A-VW\A 



500 340 150 

OHMS OHMS OHMS 

R T * 1200 OHMS 
I = .1 AMP 
E = 120 VOLTS 



Fig. XV-B-2-1 
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The total resistance in a series circuit is the sum of the resistances in the 
circuit. 

The current in a series circuit is dependent upon the voltage applied to the 
circuit and the total resistance within the circuit. 

. E . , E (voltage) 

I = — = I amperes = -5-^ ^ — : r- 

R t v r / (total resistance) 

Example: 1. If six resistors are connected in series as in the Figure XV-B-2-1, what 

will be the total resistance in the circuit. 

R t = R 1 + R 2 + R 3 + R 4 + R 5 + R e 
R t = 60 + 50 + 100 + 150 + 340 + 500 
R t = 1200 ohins 
To find the current in the circuit 

120 

.1 amp. 



1200 



In the example above, we have applied Ohm's Law to the entire circuit, 
but it may also be applied to each part of the circuit. 

Example 2. What is the voltage across each resistor in the circuit? 



E = 


IR, 




E - 1R 2 


E = 


1^3 


E = 


.1 X 60 




E - .1 X 50 


E = 


.1 x 100 


E - 


6 volts 




E = 5 volts 


E = 


10 volts 


E = 


IR 4 




E = IR 5 


E = 


I ill, 


E = 


.1 X 150 




E = .1 X 340 


E = 


.1 X 500 


E = 


15 volts 




F* ~ 34 volts 


E = 


50 volts 



From this example, \ ou ma\ have noticed that the sum of the voltages 
across each resistor is equal to the applied voltage. 

R - Ei + E : + E, + E 4 

E = 6 + 5 + 1 0 + 1 5 + 34 + 50 

E = 120 volts 

Facts to remember: 

1. The current in a series circuit is the same throughout the 
circuit. 

2. Total resistance is the sum of the resistors in a circuit. 

3. The sum of the voltage across each resistor is equal to 1 Ik 
applied voltage. 
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Reference: 



Basic electricity text 



Procedure: 



Assignment: 



After having studied the above information and reference, do the 
following assignment. 



1. 



What is the current in a series circuit with 120 volts applied voltage 
and the following resistors. 

a. 10-ohm 50-ohm 40-ohm 

b. 5-ohm 8-ohm 12-ohm 

c. 12-ohm 24-ohm 48-ohm 

Find the voltage across each resistor in Problem 1. 

From a 120-volt source, two resistors arc connected in series; one is 
30 Ohms and has 15 volts across it; the resistance of the other resistor 
is unknown. 

Find: a. current in each resistor. 

b. resistance of unknown resistor. 

From Figure XV-B-2-2, find: 

a. value of R 2 

b. voltage across R 2 





120 VOLTS 




R 2 
E 2 



? 

'? 



R,= 20 OHMS 
E| = 40 VOLTS 



254 
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Parallel Circuits 



Assignment XV-B-3 



Objective: Upon completion of this lesson, the student will know how to apply 
Ohm's Law to parallel circuits. 

Information: In a parallel circuit, each path (or branch) is connected directly across the 
voltage source as shown in figure XV-B-2-1. The voltage is the same across 
each branch. 

The current through each branch is independent of the others and depends 
only on the resistance of that particular branch and that voltage. The 
current through each branch may thus be computed separately. Using the 
values in the sketch, the current will be: 

E 30 
I, = — = T =6 amps 

E 30 

! 2 = D~ = IK = 3 am P S 



E 


30 


Ri 


5 


E 


30 


R 2 


10 


E 


_ 30 


R 3 


30 



l *=T 3 = 3o = 1amps 

The total current of the parallel circuit is equal to the sum of the currents 
through the individual branches. 

I t = Ii + h + V 
I t - 6 + 3 + 1 
1 1 - 10 amps 

To find the total resistance of a parallel circuit, you can use the following 
equation: 

1 _ 1 1 1 
R t R! R2 R3 

Usins the values from the sketch, 

R t 5 10 30 

J- = 15. = _L 
R t 30 3 

R t = 3 ohms 

As in the series circuit, the total power used is equal to the sum of the 
power consumed in the individual resistors- 

W } = EI, =30 X 6 = 180 watts 
W 2 = EI 2 = 30 X 3 = 90 watts 
W 3 = EI 3 = 30 X 1 = 30 watts 
Total power = 180 + 90 + 30 = 300 watts or 
W t = EI t = 30 X 10 = 300 watts 
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Reference: Basic electricity text 

Procedure: After having studied the above information and reference, complete the 
following assignment and be prepared to discuss it in the class. 

Assignment: The parallel circuit Figure XV-B-3-2 has 2 branches, A and B. 

Branch A consists of 3 lamps in parallel with the following ratings: 

Lj = 50 watts L 2 = 24 watts L 3 = 75 watts 
Branch B also has 3 lamps in parallel with ratings of: 

L 4 =150 watts L 5 = 200 watts L 6 = 250 watts 

The voltage across the circuit is 100 volts. 

1. Find the current in each lamp. 

2. Find the resistance of each lamp. 
3- Find the current in branch A. 

4. Find the current in branch B. 

5. Find the total circuit current. 

6. Find the total circuit resistance. 

7. Find the total power supplied to the circuit. 
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Ri 

5 OHMS 



R 2 

10 OHMS 



*3 



30 OHMS 




30 VOLTS 



SIMPLE PARALLEL CIRCUIT 
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BRANCH A 







L 2 


1-3 






5owr 


n 

1 25 W| 


) 75 W 


E= 100V 
1 








r w 1 2oowi 

150 w A jJ 

/T /l 




) 250 W 



L4 L5 L6 

BRANCH B 



PARALLEL CIRCUIT 



Fi«. XV-B-3-2 
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Series-Parallel Circuits 



Assignment XV-B-4 



Objectives: Upon completion of this lesson, the student will be able to: 

1. Simplify series-parallel circuit problems. 

2. Solve series-parallel circuit problems. 

Information: Series-parallel circuits are made up of combinations of scries and parallel 
circuits. They can be quite complicated, but they may be solved by 
applying the same basic rules that we used in solving problems in series 
and parallel circuits. The series-parallel circuit has to be simplified by 
separating and solving the scries and parallel problems within it. 

The drawings attached represent two series-parallel circuits. 



WW 



2 OHMS 



1=5 AMPS 
T 



WW 



3 OHMS 




6 OHMS 




20 VOLTS 



Fie;. XV-B-4-1 
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In drawing XV-B-4-1, R 2 and R 3 are in parallel; therefore the total 
resistance of R 2 and R 3 will be: 



1 

^2.3 



1 + 1 



R 



2,3 



*2 
1 



+ 

3 6 



R3 
1 



1 



1 



Ohm 



R 2 3 = 2 Ohms 

R 2 ,3 and Rj are in series, su the total resistance of the circuit will be: 
R t = R 2i3 + R, 



R t = 2 + 2 



R t = 4 Ohms 

Using Ohm's Law, you can find the total current in the circuit- 



I =20 



l t = 5 amps 
The voltage across each resistor is: 



= l t R, 

= 5X2 
= 10 volts 



t 



E2.3 

E 2J = 5X2 
E2, 3 = 10 volts 

The voltage across R; and R, is 10 volts; then current will be: 
= _E_ 

= 10 
3 

= 3 1/3 = 3.33 amps. 
= _E_ 

= J£ 

6 

= 1-2/3 = 1.66 amps. 
260 



In drawing XV-B-4-2, R 2 and R 3 are in series; therefore, the total 
resistance is: 

^2,3 ~ ^2 + R3 
R 2 3 = 2 + 10 
R 2 3 = 12 Ohms 

The total resistance in the circuit is found by combining R 2 3 in parallel 
with Rj . 



1 



R t R 2i3 Ri 



R t 12 



1 + J- 



Rt 



R t = 4 Ohms 
The total current will equal: 



[ = 
l t 4 



1 1 = 5 amps 
The current through K { will be: 
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I, = 3-1/3 = 3.33 amps 

R2 ^Wv^AAAr 



2 OHMS 



10 OHMS 



6 OHMS 




20 VOLTS 
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The current through R 2 and R 3 is: 

i - 



'2,3 



R:,3 

20 
12 



I 2 . 3 = 1-2/3 = 1.66 amps 

By applying the series and parallel circuit formulas, we can solve problems 
in series-parallel circuitry. 

Reference: Basic electricity text 

Procedure: After having studied the above information and reference, complete the 
following assignment. 

Assignment: 1. In circuit A, Figure XV-B-4-3, solve for: 

a. total resistance 

b. voltage across each resistor 

c. total current 

d. current through each resistor 

e. power of the circuit 

2. In circuit B, Figure XV-B-4-4, solve for: 

a. total resistance 

b. voltage across each resistor 

c. total current 

d. current through each resistor 
c. power in the circuit 
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R6 







nAAAA 



12 OHMS 



5 OHMS 




R 4 
9 OHM 




V\AAA 



10 OHMS 



CIRCUIT A 



nv XV IV4-3 
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R 



8 OHMS 



3 OHMS 



yz 4 OHMS 



6 OHMS 



R ^ 

R 4 12 OHMS 




E = 108 VOLTS 



CIRCUIT B 



Magnetism Assignment XV-C-1 

Objectives: Upon completion of this lesson, the student will know what magnetism is. 

Information: The two fundamental and invisible forces which are responsible for the 
wonders of electronics are electric force and magnetic force. These are the 
forces which make possible the operation of electric motors, generators, 
lights, doorbells, measuring instruments, and other electrical apparatus. 

It is a magnetic force which attracts small bits of iron and steel to the end 
of the ordinary horseshoe magnet. This same magnetic force swings a 
compass needle toward the north. 

The ancient Greeks knew that certain stones had the property of 
attracting bits of iron which they called magnetite. Today , if is known that 
magnetite is an iron ore possessing magnetic qualities. 

A common theory of magnetism is that a piece of iron or steel consists of 
mill ions of tiny elementary magnets which arc so small that they cannot 
be seen with a microscope. They may consist of atoms or molecules so 
aligned as to form iron or steel crystals. Before a piece of iron or steel has 
been magnetized, these tiny magnets may be thought of as being jumbled 
at random with no definite order. If the north pole of an inducing magnet 
is drawn over the bar. it attracts the south poles of the tiny magnets and 
turns them so that thev will align themselves in a given direction. This 
alignment of molecular magnets will give the bar a definite north pole at 
one end and a south pole at the other end. 

The fundamental Law of Magnetic Forces is: Like magnetic poles repel 
each other; unlike nnionetic poles or t met each other* 

The amount of magnetic force existing in the space surrounding a magnet 
can be estimated roughlv In measuring its lifting power. This lifting power 
will varv because of the kinds of materials to be lifted. A more accurate 
method for measuring the strength of a magnet is by measuring the force 
of attraction or repulsion that the magnet has on another magnet of 
known strength . 

The space which surrounds a magnet is called the external magnetic field. 
This field inav he defined as ,i region wherein magnetic forces act. 
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References: 1. Basic electricity text 

2. lilectrical fundamentals 

3. Refrigeration, Air Conditioning, and Cold Storage 

Procedure: After having studied the above references and information, do the 
following assignment. 



Assignment: 1. Explain what a natural magnet is. 

2. What is a magnetic pole? 

3. What are the fundamental Laws of Magnetic Forces? 

4. What two forces govern the force of attraction or repulsion between 
two magnetic poles? 

5. What is a magnetic field? 
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Motors (Function and Types) 



Assignment XV-D-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the function of a motor. 

2. Know the different types of motors. 

Information: The past 50 years have seen the electric motor take its place as the most 
widely used machine in industry. The electric motor industry has advanced 
far since the days of the first units. Many of today's construction features, 
protection enclosures housing horsepowers ten times formerly contained in 
a given frame, and the thin-skinned highly efficient insulation was far 
beyond the horizon of early designers. The motor converts electrical 
energy into shaft horsepower and is used to drive a multitude of 
machinery. Because of the convenience of operation and low operating 
costs, the electrical motor has replaced the steam engine and steam turbine 
as the most popular prime mover of such equipment as pumps, 
compressors, and fans. 

Motors may be divided into different categories such as fractional 
horsepower and motors of 1 hp and over. Motors arc cither "open" or 
totally enclosed. They may be broken down into more descriptive 
categories such as drip-proof, splash-proof, weather protected, pipe 
ventilated, fan cooled, and explosion-proof. Motors may be a.c. or d.c. and 
single phase or polyphase. 

Important factors to consider when selecting a motor arc: 

1. Temperature, dust, moisture, or explosive materials at the point of 
installation. 

2. Starting torque requirements. 

3. Starting current limitations. 

4. Single or multispced operation. 

5. Continuous or intermittent operation. 

6. Efficiency and power factor. 

Motors are designed to operate at specific temperatures above the 
surrounding air temperatures under full load conditions' without 
overheating. Continuous operation of a motor under overload conditions 
will cause excessive winding temperatures and shorten the life of the 
insulation. 

Single-phase motors commonly used in the refrigerating industry arc of the 
following types: (1) split-phase, (2) capacitor start, (3) capacitor start and 
run, (4) permanent capacitor, (5) shaded pole. 
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All these motors are induction motors and all employ a squirrel cage 
rotor. The principal factor which distinguishes one type from another is 
the particular method used to produce a starting torque. 

Three-phase induction motors are of two general types: (1) squirrel cage 
and (2) wound rotor. The squirrel cage induction motor is by far the most 
common type of these phase motors. 

Synchronous motors are used in large installations, where constant speed 
and high efficiency are desired. 

References: 1. Practical Power Service Library 

2. Principles of Refrigeration 

3. Modern Refrigeration and Air Conditioning 

4. Refrigeration, Air Conditioning, and Cold Storage 

After having studied the information and listed references, answer the 
following questions and be prepared to discuss them in class. 

1. Explain why motors are designed differently. 

2. What are some of the factors that determine the type of motor which 
is used? 

3. Name some parts of an electric motor. 

4. Why did electric motors replace steam engines and turbines? 

5. Name the different types of electric motors. 



Procedure: 



Assignment: 
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Motors (Single-Phase, Polyphase and Overload Protection) 



Assignment XV-D-2 



Objectives: Upon completion of this lesson, the student will: 

1. Be familiar with single and polyphase motors. 

2. Be familiar with motor overload protection. 

Information: Single- and three-phase circuits are generally used for refrigeration 
purposes. Single-phase circuits are made up of two wires while three-phase 
requires a three wire and sometimes a four-wire circuit. 

For every cycle, there is one phase of current in a single-phase circuit. A 
polyphase circuit has two or three separate supplies of single-phase current 
arranged so that the peaks of voltage follow each other in a regular 
repeating action. Each phase is 1/180 of a second or 1/3 of a cycle apart 
in a 3-phase, 60^:ycle current circuit. 

The single-phase induction motor is similar to the polyphase squirrel-cage 
induction motor in its construction. Only one winding is employed, which 
does not cover the entire internal periphery of the stator as do the two or 
three windings of polyphase motors. When a single-phase stator winding is 
energized, current flow is simultaneous in all the stator poles. No rotating 
stator field is produced. Furthermore, the current induced in the 
squirrel-cage motor winding is such that the magnetic field set up in the 
rotor is exactly in line with the magnetic field of the stator. Therefore, 
there is no tendency for the rotor to rotate. However, if the rotor starts 
to rotate by some means, the current induced in the rotor winding will lag 
slightly behind the current in the stator winding. This causes the rotor 
field to lag the stator field and produce a torque that keeps the rotor 
turning. Hence, once the rotor of a single-phase motor is started, a 
rotating field is produced and the motor operates in a manner similar to 
that of the 3-phase squirrel-cage motor. 

In order to produce a starting torque in a single-phase motor, several 
alternatives are used. A split-phase motor has a starting winding with a 
higher resistance than the running windings. This causes the current flow 
in the starting winding to lag 30° behind or out of phase with the running 
windings. This produces a starting torque and causes the motor to rotate. 
When the rotor is 70% up to full speed, a centrifugal switch opens up in 
the starting windings. These motors do have a low starting torque and are 
available in sizes ranging from 1/20 to 1/3 hp, 115 V or 230 V, and are 
used to drive small fans, blowers, and pumps. 

Capacitor-start motors are identical to the split-phase motor except for a 
capacitor placed in series with the starting windings. The starting windings 
are usually wound with larger wires than in the split-phase. The capacitor 
causes the current to lead the voltage and whereas the current lags, the 
voltage is in the running winding. This can cause a phase displacement 
between the two windings up to 90°. It gives it a high starting torque 
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making it ideal to drive small compressors that must start under full-load 
conditions. The starting winding is taken out of the circuit when the rotor 
reaches 70% of maximum speed. 

Other single-phase motors are: capacity start and run, permanent capacitor 
motors, and shaded-pole motors. 

Three-phase induction motors are of two general types — the squirrel cage 
and the wound rotor. These motors have three separate stator windings, 
one for each phase, which are distributed 120 apart around the stator 
producing a rotating magnetic field. The magnetic poles of the rotor field 
are attracted by and tend to follow the poles of the rotating stator field. 
This causes the rotor to rotate. 

Motors are protected from overheating to prevent insulation failure* 
moisture formation, and oil breakdown. Line fuses and circuit breakers are 
designed to protect the circuit only; they protect the motor from too much 
current. Hermetic motors are equipped with some type of thermal 
overload device usually designed to be fastened directly to the compressor 
housing, if the compressor motor is not equipped with a built-in thermal 
overload, separate protection must be provided in the circuit for the 
motor. To provide this protection, magnetic motor starters come equipped 
with overload relay which consists of a heater clement installed in the 
motor circuit and set of contacts installed in the holding coil circuit. 

Reference: 1. Principles of Refrigeration 

2. Modern Refrigeration and Ajr Conditioning 

Procedure: After having studied the above information and reference material* do the 
following assignment. 

Assignment: 1. What one big advantage docs the polyphase motor have over the 
single-phase motor? 

2. Will a single-phase induction iiiotor start under load? 
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Pressure Gages 



Assignment XVI-A-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the purpose and location of pressure gages. 

2. Know how to read a pressure gage. 

3. Know how to select the proper gage for a boiler. 

Information: The modern pressure gage goes back to 1849 and a French scientist, 
Eugene Bourdon. He was coiling copper tubing to make a still. In the 
process, one side was flattened by accident. In order to save the coil, he 
filled it with water and applied a force pump. He thought that hydraulic 
pressure would cause the tubing to pop back into shape. But, because the 
tubing was coiled, instead of going back into its original shape, it started 
to uncoil. The more pressure he applied, the more it would unwind; and 
as the pressure was released, it coiled back up. Bourdon didn't shout, 
"Hallelujah, I've got a pressure gage!" He did make notes of what he 
observed. This was the idea that was the beginning of our modern pressure 
gage. Bourdon's findings were recognized and the tube inside a pressure 
gage is called a Bourdon tube. 

Boiler plants have pressure gages to indicate all the various pressure an 
operator needs to insure safe and efficient plant operation. They will 
include suction and discharge pressures on fuel and water lines, air 
pressure, gas pressure, and steam pressure. 

Pressure gages are calibrated in pounds per square inch. This is the 
pressure above atmospheric pressure and is known as gage pressure- 
Absolute pressure is gage pressure plus atmospheric pressure. 

A pressure gage with its pointer pointing to 50 on the face of a gage 
would be read as 50 pounds per square inch. This is written as 5C p.s.i. or 
50 p.s.i.g. If an operator were asked how much pressure was on the above 
gage, he would answer 50 pounds. 

A vacuum gage is calibrated in inches of mercury below atmospheric 
pressure. A vacuum gage with its pointer pointing to 4 on the face of a 
gage would be read as 4 inches of mercury below atmospheric pressure. 
This is written as 4" Hg. If an operator were asked how much suction 
he had on the above gage, he would reply 4". 

Remember: 

Pressure gage is read in pounds 
Vacuum gage in inches 

Figure XVI-A-1-1 may help you to understand what is meant by inches of 
mercury below atmospheric pressure. 
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Figures XVI-A-1-2 and XVI-A-1-3 are examples of gage faces indicating the 
standard ranges possible. Note how graduations on faces will vary. For 
example, on a gage range 0 to 30 p.s.i., each graduation is 1/2 pound and 
the range 0-300 p.s.i., the graduations are in 5 p.s.i. steps. 

A boiler steam-pressure gage should have a range of two times the safety 
valve setting. It should never be less than one and one half times the 
safety valve setting. This means that when ordering a new boiler pressure 
gage, it is necessary to know your safety valve setting. 

The location of pressure gages in a plant will depend on their application. 
For example: 

1. Feed water — one gage on suction side of feed water pump; one on 
discharge side. 

2. Fuel oil — one gage on suction side of fuel oil pump; one on discharge 
side. 

3. Boiler pressure gage — located so that it is plainly visible to the 
fireman. The line feeding the pressure gage comes off the highest part 
of the boiler steam drum. 

Pressure and vacuum gages are also used in air conditioning and 
refrigeration systems. They are like helpers telling the operator what is 
happening in the cycle and what he must do to keep things running 
smoothly. 

Regardless of where the pressure or vacuum gage is used, the pressure gage 
will be read in p.s.i. and the vacuum gage in inches. 




0 to 1 5 p.s.i. 0 to 30 p.s.i. 0 to 60 p.s.i. 0 to 100 p.s.i. 



Fig. XVI-A-1-2 
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0 ro 160 p.s.i. 



0 to 200 p.s.i. 



0 to 300 p.s.i. 



Oto 400 p.s.i. 



Fig. XVI-A-1-3 



References: 



Procedure: 



1. Low Pressure Boilers 

2. Steam Plant Operation 

3. Boiler Room Questions and Answers 

4. Principles of Refrigeration 

Study the information and listed references. Do the following assignment 
and be ready to discuss it in class. 



Assignment: 



1. 
2. 
3. 
4. 
5. 
6. 
7. 



How are pressure gages calibrated? 

What is meant by gage pressure? By absolute pressure? 

What is meant by the range of a pressure gage? 

What range must a boiler pressure gage have? 

Explain why the range of a boiler pressure gage is so important. 

Where is a boiler pressure gage located and where does it connect to? 

How are boiler pressure gages protected from live steam? Explain why. 

Explain where pressure gages are found in the boiler plant and the 

purpose they serve in these locations. 

How are vacuum gages calibrated? 
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Manometers 



Assignm ent XVI-B-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know the purpose and location of a manometer. 

2. Be able to read a manometer. 

Information: In Unit VII-C-1, we discussed draft and its measurement. It should be 
reviewed before you proceed with this assignment. 

As was previously mentioned, the U-tube manometer is the simplest type 
of pressure-measuring device. The inclined U-tube is more sensitive and 
gives more accurate readings. When placing the tube on an incline, the fluid 
will move a greater distance for a given pressure change. The rise in the 
inclined leg will usually be 1 inch in 10. A special light oil is used in the 
gage to cut down effects of capillary action. It may be colored red to make 
it easier to read. 

Manometers are often used in air conditioning and refrigeration systems to 
measure static pressure in air ducts as well as total pressure. 

We know that air exerts pressure and will be present in duct work. Since 
this pressure does not depend on air movement, it is known as stationary 
"j or static pressure. 

When air is in motion, the pressure is greater than when it is standing still. 
This is known as velocity pressure. The static pressure plus the velocity 
pressure is known as total pressure. 

Draft gages are located in the boiler room and are usually mounted on the 
panel board with all the other gages and instruments necessary to operate 
the boiler safely and efficiently. 

The diaphragm air pressure gage, Figure XVI-B-1-1 is used in most modern 
plants because it is sensitive and reliable. It will indicate small pressure 
differences and it requires no liquid. 

Draft gages are calibrated in inches of water. ^ 
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Fig. XVI-B-1-1 



WHAT ARE THE FOLLOWING 
DRAFT GAGE READINGS 

FURNACE UPTAKE 




Fig. XVI-B-1-2 



References: 1. Boiler Room Questions and Answers 

2. Principles of Refrigeration 

3. Low Pressure Boilers 

Procedure: Study the information and references; then do the following assignment 
and be prepared to discuss it in class. 



Assignment: 1. What is the purpose of a manometer? 

2. List the three basic types of draft gages. 

3. Describe the operation of a diaphragm type draft gage. 

4. How are manometers calibrated? 

5. How would you define the following: 

a. Static pressure 

b. Velocity pressure 

c. Total pressure 
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Thermometers 



Assignment XVI-C-1 



Objectives: Upon completion of this course, the student will: 

1. Know the purpose and types of thermometers in boiler plants. 

2. Be able to read a thermometer and interpret its meaning. 

Information: The safe and efficient operation of a boiler plant depends on control 
instruments. They will give indications of operating conditions. By logging 
the various readings, they allow the operating personnel to check the 
efficiency of plant operation. Thermometers fall in the category of control 
instruments. 

Thermometers fall into two broad classifications: 

1. Liquid in glass thermometers 

a. mercury-filled (Fig. XV1-C-M) 

b. alcohol-filled (Fig. XVI-C-1-2) 

2. Bourdon tube 

a. liquid-filled (Fig. XVI-C-1-3) 

b. vapor pressure (Fig. XVI-C-1-4) 

c. gas-filled (Fig. XVI-C-1-5) 

Thermometers are calibrated in degrees Fahrenheit (°F) or degrees 
centigrade (°C). The fixed points are as follows: 

Freezing point 32° F. — 0° C. 
Boiling point 212° F. - 180° C 

Most thermometers used in the boiler plant are calibrated in 0 F. 

The liquid in glass thermometers expands when heated and contracts when 
cooled. 
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Fig. XVI-C-14 
Mercury-filled glass thermometer 
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Fig. XVI-C-1-2 
Alcohol-filled glass thermometer 
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The bulb located at the bottom and part of the capillary tube (called the 
stem) are filled with the liquid. The rest of the capillary tube is usually 
filled with vapor from the liquid mixed with an inert gas. The tube is 
scaled at the top. The temperature readings can be taken by noting the 
position of the meniscus ot the liquid in the capillary tube (Fig. 
XVKM-6). 
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The liquid-filled Bourdon tube type thermometer can best be explained by 
looking at Fig. XVI-C-1-7. The bulb (1), the capillary tube (2), and the 
Bourdon tube (3) are all filled with liquid. The thermal expansion of the 
liquid in the bulb is responsible for the pressure exerted on the Bourdon 
tube causing the pointer to register the temperature on the face of the 
gage. Note that this is not a pressure reading but a pressure that is 
converted to a temperature reading. 
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The vapor-pressure thermometer is shown in Fig. XVI-C-1-8. The bulb (1) 
is only partially filled with liquid. The capillary tube (2) and Bourdon 
tube (3) are filled with vapor. The pressure exerted on the Bourdon tube 
depends on the temperature of the free surface of the liquid in the bulb. 
It has the advantage over the liquid-filled Bourdon tube thermometer in 
that when properly installed capillary tubing up to 200 feet may be used. 

The gas-filled thermometer is much like the liquid-filled type. It depends 
on the thermal expansion of the gas that fills the bulb, capillary tube, and 
Bourdon tube. Nitrogen gas is most commonly used. Like the 
vapor-pressure thermometer, there is little restriction in the size of the 
capillary tube. 

References: 1. Boiler Room Questions and Answers 
2. Manufacturers' catalogs 

Procedure: Study the information and listed references; then do the following 
assignment and be prepared to discuss it in class. 

4 

Assignment: 1. What purpose do you think thermometers serve in a boiler plant? 

2. How are thermometers classified and give examples of each. 

3. Can you see any advantage of using one type over another? 

4. What causes a meniscus in a glass liquid-filled thermometer? 

5. Can degrees Fahrenheit be converted to degrees Centigrade? 

6. Which scale of temperature measurement do we generally find in boiler 
plants? 
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Thermocouple 



Assignment XVI-P-1 



Objective: Upon completion of this lesson, the student will know the purpose of 
- thermocouples and how they work. 

Information: The thermocouple consists of two wires of dissimilar metals of different 
electrical conductivity. They are welded together at one end and sealed in 
a porcelain tube. Wires connected to this tube may then be connected to a 
galvanometer or to some form of amplifying device in a control circuit. 

Fig. XVI-D-1-1 shows a schematic of a simple thermocouple circuit. 

BASIC PRINCIPLE OF THERMOCOUPLE 




The amount of electromotive force depends on the difference between the 
temperature of the two junctions and the type of materials being used for 
conductors. 

Fig. XVI-D-1-2 shows how the thermocouple is being used to measure flue 
gas temperatures. One end of the porcelain rod (hot junction) is exposed 
to the heat of the flue gas. As this heat is picked up, a very small electric 
voltage is induced. This voltage is proportional to the difference in 
temperature between the hot junction and the cold junction (where the 
rod connects to the leads.) 

This current flows through the circuit and moves the indicator on the 
galvanometer. The dial of the galvanometer has been calibrated to read 
degrees. 

If the thermocouple was being used in a control circuit, the current flow 
would be sent to an amplifier which would send out a stronger signal that 
could then be used. 
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The advantages of using a thermocouple to measure temperature are: 

1. Accurate readings. 

2. Good over wide range with rapid readings. 

3. Fairly low cost. 

4. Can be used for many applications. 

5. Can be centrally located taking reading from many remote 
locations in the plant. 



References: 1. Boiler Room Questions and Answers 

2. Elementary Steam Power Engineering 

3. Combustion Engineering 

4. Steam, Its Generation and Use 

Procedure: After having read the information, study the listed references, do the 
following assignments, and be prepared to discuss it in class. 

Assignment: 1. Briefly explain how a thermocouple works. 

2. Explain what is meant by a hot junction. A cold junction. 

3. What causes electromotive force to flow? 

4. List some advantages of a thermocouple. 

5. Do we have any thermocouples recording temperature in our boiler 
room? If the answer is yes, list them. 
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Flow Meters 



Assignment XVI-E-1 



Objective: Upon completion of this lesson, the student will know the types, purpose, 
and location of flow meters. 

Information: Flow meters are used to determine the rate of flow, which is the amount 
of fluid that flows past a given point at any given instant. 

Meters designed to measure rate of flow include differential-pressure 
meters, variable-area meters, and weir, flume, and open nozzle meters. 

Differential-Pressure Meters 

In order to measure rate of flow by differential pressure, there must be a 
method of creating two different pressures. This can be done by placing a 
restriction in the pipe line that forces the fluid through a reduced area. 
There are three ways in which this is done. The simplest pipe line 
restriction for flow metering is the orifice plate which is a thin, circular 
metal plate with a hole in it. Depending upon the fluid to be measured, 
this will determine the kind of orifice plate to be used. 

A second more accurate method is the use of a Venturi tube, which is a 
specially shaped length of pipe resembling two funnels joined at their 
smaller openings. This method is used for large pipe lines. It is more 
expensive and difficult to install. 

A third method is the flow nozzle, which is half of a Venturi tube; it is 
not as expensive and difficult to install. 

Variable-Area Meters 

There are two types of variable-area meters: the rotameter, in which the 
area is varied by a float in a tapered tube, and the valve-type area meter, 
in which the movement of a self-positioning valve varies the area. 

Comparing the variable-area meter with the differential-pressure meter, one 
is restricted to a fixed size and the other varies with the rate of flow. 

Weirs, Flumes, and Open Nozzle Meters 

Weirs, flumes, and open nozzles are elements used for measuring rate of 
flow in an open channel. 

References: 1. filamentary Steam Power Engineering 
2. Instrumentation 

Procedure: Study the listed references and do the following assignment. 
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Assortment: 1. What is the simplest pipeline restriction for flow metering? 

2. The most accurate method of flow metering is by using what kind ot 
restriction in the pipeline? 

3. Describe the three different kinds of pressure taps used in conjunction 
with the orifice plate. 

4. What are the" two types of variable-area meters? 

5. Describe and explain three methods used for measuring rate of flow in 
an open channel. 
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Recorders 



Assignment XVI-F-1 



Objective: Upon completion of this lesson, the student will know the types, purpose, 
and location of recorders. 

Information: The advancement of science and technology has been accomplished by a 
continuous development of instruments "for measurement and control. The 
technology of using instruments to measure and control the physical and 
chemical properties of materials is called instrumentation. 

This assignment specifically covers recorders, which is that part of 
instrumentation dealing with the measuring of a substance. 

The recorder can be linear or circular and large or small. It may have strip 
charts or circular charts. It may be mechanical, electrical, or a 
combination of both. Some recording instruments arc limited to one 
measured variable; others accommodate many records. 

Recorders are used throughout the modern world. The development and 
progress of industry has relied on the development of instrumentation. 
The use of recorders Jan be found throughout industry to measure flow, 
pressure, temperature level, humidity, and electricity. Without some means 
to record these variables, our modern world could not function in its 
customary way of providing us with our high standard of living. 

Some examples of the use of recorders in steam plants arc steam flow, 
steam pressure draft, flue gas analyses, and boiler water leveh 

Process instrumentation in industry is used to record temperatures, 
pressures, and flows; it increases standards and quality control. 

The use of recorders for environmental control is becoming more widely 
used, not only by private industry, but by state and federal agencies. 

References: 1. Instrumentation 

2. Combustion linginccrintf 

3. Steam Plant linoinccriny 

Assignment: 1. Indicating instruments have one feature in common a scale 
calibrated in units of the measured variable. What docs this mean? 

2. In" your own words describe what a recording instrument docs and tell 
why you think this is important. 

3. Give some examples of recording devices and tell what the)' would be 
used to record. 

Whv has industry become so dependent on recorders? 

5- Recorders can be mounted on panel boards or mounted locally. 
Describe different methods of mounting recorders. 
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Boiler Plant Routines 
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Assignment XVII-A-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know how to take over a shift. 

2. Know the routine duties of a boiler operator. 

Information: The watch engineer or fireman must be prepared to take over a shift and 
follow a certain procedure. This procedure is important for him to follow 
so that the boiler plant will be run safely and efficiently. The following 
numerical order is the procedure that he should follow: 

1. Report to work 10 minutes early to relieve the watch engineer. 

2. Check water level in boiler by blowing down water column and gage 
glass. 

3. Test low water cut-off control. 

4. Inspect and check feed pump, bearing's, lube oil level, packing glands, 
excessive vibration, and feed pump pressure. Inspect and check fuel oil 
pump, fuel oil pressure bearings, and excessive vibration. 

5. Check Chief Engineers Log for outstanding instructions. 

6. Check and listen for any unusual noises or steam leaks. 

7. Check water level in open type, feed-water heater or make-up feed 
tank. 

8. Check burner and fire for correct flame including fuel temperatures 
and pressures. 

9. Walk around the boiler room and make sure that all machinery is in 
good operating condition. 

10. Check and determine that the fuel supply is adequate. 

The routine duties of the boiler operator are clearly outlined in the State 
Rules and Regulations, which arc enforced by the Department of Labor, 
Mechanical Inspection Bureau. They state that at no time shall the boiler 
plant be operated in an unsafe manner. The duties of the boiler operator 
will vary from plant to plant, but there arc certain duties which will 
always remain the same. The following is a list of those duties and 
responsibilities: 

1. Maintain the proper water level in the boiler at all times. 

2. Never leave the boiler room for a period longer than that which will 
not be considered' unsafe. 

3. Carry out the Chief Engineers written or verbal instructions. 

4. Maintain the correct operating steam pressure. 

5. Test the low water cut-off control. 

6. Test and maintain the feed water regulator in good operating 
condition. 
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7. Maintain the burner in good operating condition. 

8. Maintain the correct fuel pressures and temperatures. 

9. Keep a record of the fuel oil on hand. 

10. Check and maintain the amount of make-up feed being used. Always 
maintain an adequate supply of feed water. 

11. Maintain correct feed-water temperature. 

12. Periodically inspect feed-water pump. 

13. Periodically inspect fuel oil pump. 

14. Periodically check draft fans. 

15. Maintain the proper draft in the boiler. 

16. Check fire in furnace periodically. 

17. Follow chief engineers instructions for correct feed-water treatment 
and boiler blow-down. 

18. Use soot blowers when scheduled. 

19 Stay alert for any unusual occurrences such as steam load changes, 
steam leaks, low water in the boiler, and machinery failures. 

20. Always operate the boiler plant in a safe and efficient manner. 

References: 1. New Jersey Rules and Regulations 

2. Boiler Room Questions and Answers 

3. Low Pressure Boilers 

Assignment: 1. Tell who enforces the boiler plant laws in the state and explain the 
purpose of these rules and regulations. 

2. Why is it important that the boiler operator know the proper 
procedure for taking over a boiler room shift? 

3. Discuss some of the routine duties and responsibilities of a boiler 
operator. Tell why he must carry out the instructions of the Chief 
Engineer- 
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Boiler Plant Startup and Shutdown 



Assignment XYII-A-2 



Objectives: Upon completion of this lesson, the student will: 

1. Know the routine procedure to start up a boiler plant. 

2. Know the routine procedure to shut down a boiler plant. 

Information: The startup procedure for any boiler plant will vary from plant to plant. 

It will depend upon such conditions as the number of boilers, the size of 
the plant, the type of fuel burned, and if the plant is operated 
automatically or manually. The procedure and method may vary, but the 
same basic things must be done in as safe and efficient a manner as 
possible. 

Prepare the fuel before "firing up" the boilers. This procedure will be 
determined by the type of fuel being used. 

When gas is used, little or no preparation is necessary except to insure that 
the correct pressure is at the burner. 

In burning coal, an adequate supply of coal must be on hand at the stoker 
or at the pulverizing mill. In the case of the stoker-fired boiler, a wood 
fire must be started in the furnace to ignite the bed of coal. 

Heavy oil-fired boilers must have the oil circulating and be at the proper 
temperature before it can be burned. This means that the electric fuel oil 
heaters will have to be used or lighter grade of oil such as number 2 or 4 
used when first lighting off the boiler. All fuel oil strainers should be 
cleaned as well as the fuel oil burner assembly. 

The boilers should be checked for any missing or open inspection 
openings. All stack coverings should be removed and hand operated 
dampers should be opened. The correct water level should be showing in 
the gage glass. The automatic non return valve and the main steam stop 
valves in the main steam line should be opened and closed. All drains in 
the main steam lines and header should be opened. 

The feed water system should be checked to see that the system is lined 
up to the boilers and the proper valves are open. Feed pumps, feed water 
regulators should be inspected. There should be an adequate supply of 
water in the feed water heater and the make-up feed tank. 

The boilers should be purged of all combustible gases before the burner is 
fired. 

Check all the valves on the boilers to insure their proper position: the 
bottom blown down valve should be closed. The water column, gage glass, 
steam pressure gage, air cocks and super heater drain valves should be in 
the open position. 

Warm the boilers up slowly to prevent uneven expansion and contraction. 
Open the automatic non return valve. 

3JU 
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Maintain the normal water level in the boiler. When the steam pressure is 
about 25 lbs. close the air cocks. Open the steam line drain between the 
non-return valve and the main steam stop valve. Open the equalizing line 
around the main steam stop valve. When the boilers are up to pressure 
open the main stop valve. All super heater drain valves should be closed 
when steam from the plant is being used. 

At this time the automatic combustion controls and feed-water regulator 
should be checked for proper operation along with all boiler-room 
machinery. 

During this period of time the boiler operator has to be constantly alert 
for any sudden and unusual occurrences, for at no other time will the 
operation of the boiler plant be more critical than at start-up. All 
boiler-room machinery must be watched very closely. If automatic 
controls are used they should be put into operation, and watched very 
closely. Nothing should be taken for granted. 

Shutting down a boiler plant properly will require certain things to be 
done. This may vary from plant to plant depending upon the size of *.he 
plant, length of shut-down and time of year. It must be done so that 
whenever the plant is started up again there will be no damaged 
equipment due to improperly shutting down of the plant. 

The fuel system should be shut-down and the burners cleaned. How this 
will be done will be determined by the type of fuel used: coal, oil or gas. 
A gas system will require little or no attention. A stoker will require 
cleaning and lubrication. A fuel oil system will require the fuel oil 
strainers cleaned and the burner cleaned. In the case of a heavy oil system 
the lines should be blown out by air to ensure that all lines will be clear 
when starting-up. 

The boiler steam stop valves should be ,J closed and all steam line drains 
opened. The superheater drain should be opened as soon as the boiler is 
shut-down. When the steam pressure is down to 25 lbs. the air cock 
should be opened. 

While the boiler is cooring down, the water level should be maintained at 
the normal operating water level. When the boiler has cooled down 
sufficiently, the feed pump and the feed water system should be shut-down 
and all valves in the system closed. 

When the boiler has cooled off enough to enter it, the fireside should be 
opened up and cleaned including the breeching and the base of the 
chimney. After cleaning the fireside, all access doors and panels should be 
put back and the boiler fireside closed up making sure that all tools have 
been removed. 
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The water side of the boiler should be opened up, first making sure that 
there is no pressure or vacuum in the boiler. All inspection plates and 
covers are removed and the water side flushed out to remove any mud, 
sludge or scale in the boiler; it should be closed up tight making sure that 
all tools and rags have been removed. 

The length of time that the boiler plant will be idle and the weather 
conditions will determine whether the boilers are laid up "wet" or "dry". 

When the plant will be subjected to freezing conditions all vessels such as 
feed-water heaters, boilers, make-up tanks, air tanks along with all water 
lines must be drained and left empty to prevent damage from freeze-ups. 

When shutting down a boiler plant, one thing must be kept in mind and 
that is to make sure the boilers and machinery can be used again with a 
minumum of problems and expense. 

References: 1. Low Pressure Boilers 

2. Boiler Room Question arid Answers 

3. Steam Plant Operation 

4. New jersey Rules arid Regulations 

Assignment: 1. When starting up a boiler plant after it has been shut down for more 
than one year, arc the boilers required to be inspected by the State of 
New Jersey? Explain. 

2. Explain the . reasons why a boiler must be purged before starting the 
burner. 

3. Why does the boiler operator have to be extra alert when he starts up 
the boiler plant? 

4. Name the procedure and steps necessary to get a #6 fuel oil system 
ready to be used. 

5. Explain the wet method of laying up a boiler. 

6. Explain the dry method of laying up a boiler. 

7. What is meant by a "frcczcup" in a boiler plant and how can this be 
avoided? 

8. Why is it necessary and important to clean the fireside and water side 
of the boiler when shutting it down? 
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Safe Operation of a Boiler Plant 



Assignment XVII-A-3 



Objectives: Upon completion of this lesson, the student will: 

1. Know how to handle a low-water condition. 

2. Know how to prevent a furnace explosion. 

Information: Many older boilers were equipped with a fusible plug to warn the operator 
of a low-water condition. Today most fusible plugs have been replaced 
with low-water, cut-off controls and alarms to help the boiler operator do 
a safer job. Quite frequently many boilers suffer a low-water condition. 
This could be due to operator neglect. Control or boiler failure, however 
quickly and properly the operator handles the condition, will determine to 
what extent the boiler is overheated and damaged. 

Any time the operator cannot see water in the gage glass, a low-water 
condition exists; he should know the correct procedure to follow 
immediately. By taking immediate corrective action, he may save the 
boiler from excessive damage or even prevent' the daif§Fge from occurring. 

The correct method for handling a low-water condition in a boiler is 
outlined in the references. This will vary to some extent on the type of 
boiler and the fuel being used. When this condition occurs, every second 
counts towards saving the boiler from being seriously damaged. 

A furnace explosion is the ignition and instantaneous combustion of 
explosive or highly flammable gas, vapor, or dust accumulated in a boiler 
setting. In minor explosions, which are referred to as puffs, flarebacks, or 
blowbacks, flames may blow suddenly for a distance of many feet from all 
firing and access doors. 

Furnace explosions can and do cause serious and costly damage to boiler 
plants in addition to causing personal injury 

The main causes of furnace explosions arc lack of adequate purge, human 
error, flame failure, or a faulty fuel system. 

How to prevent a furnace explosion is covered in the references. 

References: 1. Low Pressure Boilers 

2. Boiler Plant Operation 

3. Standard Boiler Operators' (Questions and Answers 



Assignment: 1. What is a low-water condition in the boiler? 

2. Discuss some of the things that could cause a low-water condition? 

3. What is the danger of a low-water condition in the boiler? 

4. What is the purpose of the low-water, cut-off control and how docs it 

work? *) i j 
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5. What is a furnace explosion? 

6. Discuss and name some of the things that could cause a furnace 
explosion? 

7. What relation does the furnace volume have to a furnace explosion? 

8. How can a furnace explosion be prevented? 

9. Name two types of flame-failure controls. 
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Routine Startup of a Heating Plant 



Assignment XVII-B-1 



Objectives: Upon completion of this lesson, the student will know: 

1. How to start up a heating plant. 

2. What adjustments have to be made. 

3. How to operate a heating plant safely. 

Information: The operation of a heating plant involves startup, adjustments, and safe 
operation. Part of this information will be covered in Assignments 
XVIII-A-1 and XVIII-A-2. To do parts of this assignment, refer to those 
assignments. 

A steam or hot water heating plant requires that the operator be 
constantly alert and on the job. He must pay a close attention to the 
heating equipment and. machinery and watch the various pressures and 
temperatures. Serious accidents have occurred because the operator failed 
to do his job properly. 

The feed-water system must be checked out. There must be an adequate 
supply of water in the boiler including a supply of make-up water. 

The fuel system must be checked to determine that an adequate supplv of 
fuel at the right temperature and pressure will be supplied to the burner. 
The burner should be properly cleaned and adjusted. All hand-operated 
dampers in the boiler breeching should be opened. 

The boiler safety limit controls should be checked to make sure that thev 
will function properly when needed. These controls would include the 
low-water cutoff control, high-limit prcssurctrol, flame failure control, air 
pressure, and low-fuel temperature control. The low-water cutoff control 
as well as the flame-failure control should be tested as soon as possible. 

A steam heating system must have the water and condensate drained from 
the steam lines to prevent the rupture of any steam lines because of a 
water hammer condition. 

The adjustments to the prcssurctrol on the steam boiler and the aquastat 
for the hot water heating boiler will be made prior to putting the boiler 
plant into service. Some minor adjustments may have to be made after the 
heating plant is in service. Routine safety procedures to operate a heating 
plant should include the following practices: 

a. Blow down the water column and gage glass daily or for each 
shift. 

b. Test the low-water cutoff control daily or for each shift. 

c. Test the flame failure control daily. 

d. Test the safetv valve weeklv. 
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Routine operating procedures to operate a heating plant should include 
the following practices: 

a. Blowing down the boiler daily. 

b. Cleaning the fuel oil strainers daily. 

c. Cleaning the burner daily. 

d. Checking the various temperatures and pressures daily for the 
fuel and heating systems. 

References: 1. Standard Boiler Operators Questions and Answers 

2. Low Pressure Boilers 

3. Manufacturers literature 



Assignment: 1. Explain in detail why the boiler operator has to be alert when a 
heating plant is put into service. 

2. What effect will a dirty burner have on a heating plant? 

3. Why does all the condensate have to be removed from the steam lines? 

4. Name two ways in which the condensate is removed from the heating 
system. 

5. Where does the condensate go to? 

6. Why would the aquastat have to be adjusted after the heating plant is 
in service? What effect does this have on the building temperature? 

7. When operating a heating plant, explain in detail what you would do 
when there is a sudden increase of make-up feed added to the boiler. 

8. What arc che advantages of returning the condensate to the boiler from 
the heating system? t « 

9. What effect does air have when it is trapped in a heating system? 
10. How is air removed from a steam and hot water heating system? 
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Ventilating System 



Assignment XVII-C-1 



Objectives: Upon completion of this lesson, the student will: ^ 

1. Be familiar with the routine operating procedures of ventilating 
system. 

2. Know the safety procedures to follow. 

Information: The operating engineer is responsible for all heating and ventilating 
equipment. It is his duty to see that it is operated safely and efficiently. 
His routine checks or rounds may be made hourly. All operating 
temperatures and pressures recorded may only require two readings a shift. 
When temperatures and pressures are recorded at regular intervals, any 
variation or sudden change would indicate a trouble spot. This allows the 
engineer to correct a condition before it gets out of hand. When making 
his rounds, not only does he record temperatures and pressures, but he 
listens for any unusual noises, looks for proper belt tensions, checks all 
lubrication, and is aware of any unusual smells. He must operate his plant 
using all his senses of sight, smell, touch- and sound. 

Ventilating ducts go throughout a building bringing fresh, filtered 
tempered air in and removing stale foul air. Because of this it would be 
dangerous to have fans running in the event of a fire. Each plant will have 
a safety procedure to follow in the event of fire. The operator must be 
thoroughly familiar with it and know where and how to secure any or all 
his equipment at a moments notice. 

Assignment: 1. Why do you think hourly readings of operating temperatures and 
pressures are important? 

2. Why do you think an operator must operate his plant by sight, smell, 
touch, and sound? ^ 

3. Can you explain why a ventilating system must be secured in the event 
of a building fire? 
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Air Conditioning System 



Assignment XVII-D-1 



Objective: Upon completion of this lesson, the student will know the routine duties 
for operating an air conditioning system safely and efficiently. 

Information: The operation of an air conditioning system can be relatively simple or 
quite complex depending on the size of the system. We will consider a 
medium size plant as an example of the amount of equipment normally 
found in such a plant. 

The following equipment will require your attention if you wish to run 
your plant safely and efficiently: 

1. The compressor has to be checked for suction pressure and 
temperature; it is also checked for discharge pressure and temperature. 
Lubrication and any excess noise or vibrations should also be checked. 

2. The condenser and condenser circulating water pumps are checked for 
proper operation and leakage. 

3. The evaporator should be checked for correct operating temperature. 

4. The chilled water pumps arc checked for leakage and correct 
operation. 

5. All motors are checked for lubrication, heat, and vibration. 

6. All fans are checked for correct speed, lubrication, and vibration. 

7. All air filters checked for cleanliness. 

For safety reasons you should always maintain a clean plant and test the 
following safety controls frequently: 

1. High pressure cutout 

2. Low temperature cutout 

3. Low oil cutout 

Maintain a log with a record of pressures, temperatures, operating 
conditions, and repairs. It can lead to a standard routine for the safe and 
efficient operation of an air conditioning plant. 

Assignment: 1. Explain in your own words why you think there should be routine 
duties for an air conditioning plant operator. 

2. Why do you think safety is so important in an air conditioning plant? 

3. What are the important items you should check for in the operation 
and safety of an air conditioning plant? 
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Refrigeration Plant Operation 



Assignment XVII-E-1 



Objectives: Upon completion of this lesson, the student will: 

1. Know how to take over a shift. 

2. Know the routine duties of the operator. 

3. Know the safety precautions that must be followed. 

formation: The operator of a refrigeration plant takes over a shift in much the same 
manner as an operator of a boiler plant which we discussed in Unit 
XVII-A-1. A certain procedure must be followed for safety and efficiency. 
That procedure should include the following: 

1. Report to work early so that you can check the plant before relieving 
the operator. 

2. Check the suction and discharge pressure on each compressor. 

3. Check the suction and discharge temperature on each compressor. 

4. Check each compressor for any excess heat or noise. 

5. Check the gland or seal on each compressor. 

6. Check thp lubrication on each compressor. 

7. Check 'the motor driving compressor for heat and correct lubrication. 

8. Receiver should be checked for liquid refrigerant level. 

9. The tower or cooling pond should be checked for available cooling 
water; check fan operation. 

10. Circulating water pumps, both pump and motor ends, should be 
checked for correct operation. 

11. Check the log book for unusual operating conditions or instructions. 
When you have completed the above and have found all equipment in 
satisfactory condition, you should relieve the operator. 

The routine duties of the refrigeration plant operator will be as follows: 

1. To maintain the correct temperature in the refrigerated sphere. 

2. To maintain correct pressures and temperatures on all compressors. 

3. To maintain the proper lubrication on all machinery and equipment. 

4. To maintain the correct liquid level in the receiver. 

5. To locate and prevent leakage of refrigerant. 

6. To maintain refrigeration plant log and records. 

7. To operate the plant in a safe and efficient manner. 
This is by no means a complete list; it may vary from plant to plant or 
sometimes from day to day within the same plant. 
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All safety precautions must be strictly adhered to in a refrigeration plant, 
especially if it is one that has a toxic refrigerant such as ammonia. Some 
of the safety practices you should become familiar with are: 

1. Keep all exits clear. 

2. Check fire extinguishers and have them serviced at regular intervals. 

3. Emergency equipment such as gas masks, ropes, protective clothing, 
and tools should be checked and kept in good order. 

4. High pressure cut-outs in compressors should be checked at regular 
intervals. 

5. Refrigerant leaks should not be tolerated; they must be repaired. 

6. Rags and waste should be stored in proper receptacles. 

7. Keep a clean plant. Protect lives; never act in haste. 

Assignment: 1. Explain in your own words why yon think there should be routine 
duties for a refrigeration plant operator. 

2. Why do you think safety is important in a refrigeration plant? 

3. You have just taken over a shift. What are some of the important 
things you are going to check? 

4. You have been asked to check your refrigeration plant for safety. How 
would you do it? 
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Boiler Plant Service and Maintenance (Routine) 



Assignment XVIII-A-1 



Objective: Upon completion of this lesson, the student will know the routine service 
and maintenance required in a boiler plant. 

Information: In order to operate a boiler plant safely and efficiently, there are certain 
routine jobs that must be done on a regular scheduled basis. The 
Mechanical Inspection Bureau requires that all high-pressure boilers be 
inspected internally and externally once a year. At this time the boiler and 
all its fittings and controls are examined to see that they are in proper 
working order. But what about the rest of the year? Can we just rely on 
an annual inspection? The answer obviously is no. The safe efficient 
operation is a 24 hour job, 365 days a year. Tt does not happen by 
accidient; it happens by careful, intelligent planning. Some routine jobs are 
listed below: 

1. Fuel, oil and lube oil strainer should be cleaned once a shift. 

2. Burner tips on boilers on the line should be cleaned once a shift. 

3. All boiler room auxiliaries should be watched for proper running 
temperature and pressures. 

4. Grease pump and motor bearings. Completely clean and fresh grease 
put in once or twice a year. 

5. Air compressors — tanks should be blown every shift. Compressor oil 
changed according to manufacturers suggested procedure. 

6. Repack pumps when excessive leakage is evident. 

7. Blading on draft fans should be watched and cleaned whenever there is 
sign of build-up on blades. 

8. Oil sumps on mrbine auxiliaries should be cleaned and flushed 
following manufac turers operating procedure. 

9. Replace electronic tubes on all controls once a year. 

The type of preventative maintenance program will vary with each plant 
because of the type of equipment in use. Each plant should have some 
program; some jobs are daily, weekly, monthly, semi-annually or annually. 
Set a program up for your plant and stick to it. It will save you time, 
money, and a lot of hard work ir <he long run. 



Reference: Steam Plant Operation 
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Assignment: 1. A lubrication schedule is on page 560 in Steam Plant Operation. Using 
it as a sample, set up a lubrication schedule for the following 
equipment in our boiler room: 

a. Boiler feed pumps 

b. Low-vacuum pump 

c. ?.eciprocating-feed water pump 

d. Fuel oil pumps - 3 main 

e. Fuel oil pumps - 3 overhead 

f. Control air compressor 

g. Induced draft fan 

2. Why do you think it necessary to clean fuel oil strainers and burner 
tips daily? 

3. How often would you recommend packing the pumps in our boiler 
room? (Name the pumps you describe.) 

4. Why do you think it is important to blow the air compressor tanks 
daily? 
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Inspection and Cleaning of Boilers 



Assignment XVIII-A-2 



Objective: Upon completion of this lesson, the student will know the procedure to 
follow when cleaning a boiler and getting it ready for inspection. 

Information: Be law, high-pressure boilers must be taken off the line once a year, 
thoroughly cleaned on the fire and water side, and then inspected by a 
qualified boiler inspector. There are many descriptions of how this is to be 
done but it is important to stress a few points. 

1. When preparing a boiler for inspection, it must be taken off the line, 
allowed to cool slowly, and certain safety precautions should be taken 
before any work is done. 

A. Make sure air cock is open so that there is no vacuum on 
boiler. 

B. The steam stop valves are closed and tagged out. 

C. Feed water stop valves are closed and tagged out. 

D. After boiler is cool enough to dump and after dumping, close 
and tag out bottom blowdown lines. 

E. Before opening steam and water side, hang signs on boiler 
indicating it is off the line for cleaning and inspection. 

F. Have men work on boiler in pairs. 

G. Never use extension cords or drop lights in a steam drum 
unless they are low voltage or completely sealed. 

You may now thoroughly clean the fire and water side. Notify your 
inspector when you are finished. 

Note: All plugs on cross-T's must be removed. All feed-water regulators 
and low-water cutoffs should be opened. Always be on the alert for signs 
of oil or pitting in steam drain. 

References: 1. Steam Plant Operation 

2. A.S.M.B. Code, Section 7. 



Assignment: 1. Why do you think it would be dangerous to open the manhole cover 
with a vacuum on the boiler? 

2. How do you know wheh a boiler is due for inspection? 

3. How is it possible to get oil in a boiler drum? 

4. What effects would oil in a steam drum have? 

5. Why is it necessary to close and tag out the bottom blow-down valves? 

6. What danger is there in using drop lights in a boiler steam drum? 
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Heating Plant Service and Maintenance 



Assignment XVIII-B-1 



Objective: Upon completion of this lesson, the student will be familiar with the 
service and maintenance of a heating plant. 

Information: Heating plants require the same care as a high-pressure boiler plant. Very 
often the equipment will be alike. If the heating plant is large and uses #4 
or #6 oil, it will more than likely have a strainer similiar to those found 
in a high-pressure plant. It should receive the same care and treatment. 
The boilers in heating plants should be kept clean and free of soot. All 
lines should be tight and free of leaks. The boiler setting should be sealed 
and tight; brickwork should be in good repair; and fuel oil pump pressure 
should be checked and cartridge filters replaced annually. Electronic tubes 
should be replaced annually and all contacts on the control cleaned. A 
lubrication schedule should be set up and strictly adhered to. 

References: 1. Low Pressure Boiler 

2. A.S.M.E. Code, Section 6. 

Assignment: 1. Can you list some ways that a high-pressure plant will differ from a 
low-pressure plant. 

2. Why do you think a heating plant should be given the same 
maintenance that is given a high-pressure plant? 

3. Is it possible for a heating boiler to explode? Please explain your 
answer. 
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Ventilating System Service and Maintenance 



Assignment XVIII-C-1 



Objective: Upon completion of this lesson, the student will be familiar with some of 
the routine service and maintenance required in a ventilating system. 

Information: It should be quite obvious by now that all systems require some form of 
service and maintenance to keep them operating trouble-free. The 
ventilating system v is no exception. The duct work should be examined and 
kept clean of any buildup of dust. Dust is a fire hazard. All filters must be 
replaced or cleaned at regular intervals depending on the cleanliness of 
surrounding air. Dirty filters restrict air flow and prevent systems from 
operating properly. All dampers must be kept lubricated so they will 
operate freely. All controls must be checked for proper operating 
conditions. Air control valves must be checked to insure no air leaks. 
Clean„electric controls end check all wires for tightness. All belts must be 
checked for proper tension and signs of wear. If belts are to be replaced 
and more than one belt is used, they must be matched sets. This is most 
important. When ordering belts, you must specify that you want 
2-matched or 3-matched or 4-matched belts, etc. Motors are mounted so 
that you can set both tension and alignment. If either tension or 
alignment is out, your unit will not operate efficiently; belt wear and 
breakage will result. In the interest of safety all belts must have guards 
over them. Whenever making adjustments, the motor main disconnect 
must be pulled. If you leave the area for parts or tools, the switch should 
be tagged out. Signs are available stating when the tag was applied, who 
tagged it, and the caution so it won't be started. The man who tagged out 
the breaker is the only one who can put it back into service. 

Reference: Manufacturers' data sheets 



Assignment: 1. What would dirty filters do to a ventilating system? 

2. Why do you think it important to remove dust from duct work? 

3. What effect would a stuck damper have on system operation? 

4. What type of controls do you have on your ventilating system? 

5. Why do you think matched belts are necessary? 

6. Why must the person who tagged out the breaker be the only one to 
put it back in service? 
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Condenser Maintenance and Service 



Assignment XVIII-D-1 



Objective: Upon completion of this lesson, the student will be familiar with 
condenser maintenance and service. 

Information: All refrigeration systems using water-cooled condensers require some form 
of water treatment. Treatment is necessary because all water has some 
impurities such as minerals, gases, algae, and organic matter. Scale, 
corrosion, and algae will reduce the efficiency of the system and cause 
operating problems. Condenser water can be internally treated by using 
chemicals or externally treated by using water-softening equipment. Some 
plants will utilize the services of a water-treatment company, which will 
sell chemicals and service the air conditioning condenser water. They will 
periodically visit the plant and test the water, adding chemiccals when 
necessary. 

Water cooled condensers should not be placed in a location which may be 
subjected to freezing temperatures. Before a water-cooled condensing unit 
is shut down and subjected to below freezing temperatures, the condenser 
coils must be completely emptied of water. This can be done by blowing 
out the coils with air. 

The inside of the tubes on a water-cooled condenser may become coated 
with foreign materials, such as alkali and scale which will cause poor heat 
transfer. When this happens, the insides of these tubes have to be cleaned 
by circulating a cleaning chemical through the tubes. If the condenser is 
cleaned less than once a year, the tubes may have to be cleaned with an 
abrasive material. Shell- and tube-type condensers are built in a variety of 
sizes. Removable heads make it possible to clean the inside of the tubes. 

Proper operation of the condensing equipment is required for efficient 
operation of the system. The presence of air, scale, lack of cooling water, 
etc. will cause high operating temperatures and pressures in the refrigerant 
cycle. Operating problems occur when the operating temperatures and 
pressures arc too high. 



References: 1. Doolins Trouble Shooters ttihle 

2. Principles of Refrigeration 

3. Modern Refrigeration and r\ir Conditioning 

4. Principles of Air Conditioning 



Assignment: 1. Why is water treatment required in systems using water-cooled 
condensers? 

2. Explain what an internal or an external treatment is to a water-cooled 
condenser? 
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What causes high pressures and high temperatures in a refrigeration 
system? 

Explain how the above conditions can be corrected. 

Explain the dangers of a water-cooled condenser being placed outside 
the building. 

What effect do non-condensable gases in a condenser have on the 
refrigeration system? 
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Evaporator Service and Maintenance 



Assignment XVIII-P-2 



Objective: Upon completion of this lesson, the student will be familiar with the 
service and maintenance of an evaporator. 

Information: The evaporator is sometimes called a cooling coil, a blower coil, or a 
chilling unit. Its purpose is to absorb the heat from the surrounding air or 
liquid by the use of a refrigerant, and to move this heat out of the 
refrigerated area. Evaporators fall into two categories, flooded and dry 
expansion. They have been discussed previously. 

The capacity of any evaporator or cooling coil is the rate at which heat 
will pass through the evaporator walls from the refrigerated space or 
product to the vaporizing liquid refrigerant. 

Any fouling of either the external or internal surfaces of the evaporator 
tends to act as thermal insulation and decreases the conductance factor of 
the evaporator walls. It reduces the heat transfer. 

Fouling of the external surface of air-cooling evaporators is usually caused 
by an accumulation of dust and lint from the air, which adheres to the 
wet coil surfaces or by frost accumulation on the coil surface. In a 
liquid-cooling application, fouling of the external tube surface usually 
results from scale formation and corrosion. 

Fouling of the internal surfaces of the evaporator tubes is usually caused 
by excessive amounts of oil in the evaporator and/or low refrigerant 
velocities. At low velocities, vapor bubbles, formed by the boiling action 
of the refrigerant, tend to cling to the tube walls, thereby decreasing the 
amount of interior wetted surface. Increasing the refrigerant velocity 
produces a scrubbing action on the walls of the tube which carries away 
the oil and bubbles; it improves the rate of heat flow. The refrigerant 
velocity is limited, however, by the maximum allowable pressure drop 
through the coil and, if increased beyond a certain point, will result in a 
decrease rather than an increase in coil capacity. 

An excessive pressure drop in the evaporator will cause the suction vapor 
arriving at the suction inlet of the compressor at a lower pressure than is 
actually necessary, thereby causing a loss of compressor capacity and 
efficiency. To avoid une:essary loss in compressor capacity and efficiency, 
the evaporator must be designed so that the refrigerant experiences a 
minumum drop in pressure. However it must be sufficient to assure 
refrigerant velocities high enough to sweep the tube surfaces.frce of vapor 
bubbles and oil and to carry the oil back to the compressor. 

Evaporator capacity is also dependent upon the circulation, velocity, and 
distribution of air in the refrigerated space and over the coil. If air 
circulation is inadequate, heat is not carried from the product to the 
evaporator at a rate sufficient to allow the evaporator to perform at peak 
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efficiency. It is important also that the circulation of air is evenly- 
distributed in all parts of the refrigerated space and over the coil. Uneven 
distribution of air over the coil surface causes some parts of the surface to 
function less efficiently than others and lowers evaporator capacity. 

The velocity of the air passing over the coil affects the rate of heat 
transfer. High air velocities tend to break up the thin film of stagnant air 
surrounding the tube surfaces. 

Superheat is the temperature increase of refrigerant vapor above saturation 
temperature or above the boiling point'of the refrigerant. 

It is desirable to utilize as much of the evaporator coil for the purpose of 
cooling as possible. However, should the flow of refrigerant through the 
coil be such as would permit some liquid to be still present at the coil 
outlet, it would be impossible to prevent some liquid from returning to 
the compressor. To prevent this from happening we must prevent the 
liquid refrigerant from approaching the end of the coil outlet. This will 
then result in the last section of the evaporator coil having the purpose of 
superheating the refrigerant vapor as it leaves the evaporator. The correct 
amount of superheat is controlled by the thermostatic cxpansi®** <vdvc. 



References: 1. Doolin's Trouble Shooters Bible 

2. Ihinciples of Refrigeration (Wiley) 

3. Principles of Refrigeration (Delmar) 

4. Ihinciples of Air Conditioiiing 

5. Refrigeration, Air Conditionhig } and Cold Storage 



Assignment: 



1. Explain the importance of pressure drop in the evaporator? 

2. Explain how the refrigerant vapor is superheated in the evaporator 



3. 

4. 

5. 
6. 

7. 
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Explain the importance of having the proper amount of air at the 
correct velocity circulating over the evaporator coil. 

How is an evaporator coil affected externally when it is used for liquid 
cooling? 

How does the inside of the evaporator coil become fouled? 

How docs the internal and external fouling of the evaporator cuil 
surfaces affect the system? 

How does the evaporator coil affect the liquid carry over to the 
compressor? 
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Compressor Maintenance and Service 



Assignment XVIII-D-3 



Objective: Upon completion of this lesson, the student will be familiar with the 
maintenance and service of compressors. 

Information: The compressor is often referred to as the "heart" of a mechanical 
refrigeration plant. Without it the system could not function. There are 
t h ree types of compressors commonly used for refrigeration: (1 ) 
reciprocating, (2) rotary, and (3) centrifugal. All three compressor types 
have certain advantages in their own field of use, but unless they are well 
maintained, they will not give you the reliable service which is expected 
and required. 

All compressors must be given the proper lubrication to eliminate the 
wearing and overheating of bearings, internal parts and surfaces- Regardless 
of the type of compressor, oil must have certain properties: (1) free of 
moisture, wax and foam; (2) correct viscosity; and (3) free of impurities. 
The oil level should be checked periodically. Compressors may be splash 
lubricated and lube oil filters and strainers must be cleaned periodically. 

To control the operating temperatures, cooling water is circulated through 
a water jacket around the piston cylinder walls and cylinder head. The 
water circulated through the jacket must be free of mud and scale-forming 
impurities to prevent the cooling system from becoming plugged. Cooling 
water must be externally treated wherever the water contains excessive 
impurities. 

Wh a suction-line strainers arc installed to protect the compressor from 
contamination, they should be replaced periodically. 

Moisture has a harmful effect on a refrigeration system and can cause the 
oil to break down and lose its lubricating qualities. Moisture can also cause 
the insulation on the windings of a hermetic-type compressor to 
deteriorate and fail causing a motor burnout. Any moisture in the system 
can be removed by the use of a drier in the liquid line, which may have to 
be replaced periodically. 

Refrigeration compressors vary to a large extent. The manufacturer's 
instructions should be followed for all maintenance procedures. The 
suction and discharge valves of the larger size reciprocating compressors 
must be checked periodically for signs of any wear or metal fatigue. Again 
the manufacturer's instructions should be followed when dismantling and 
assembling the compressor. 

The proper service and maintenance of a compressor can save the owner 
money and emergency repairs; it is a wise investment in the overall 
operation of the plant. 



3i'J0 

315 



References: 
References: 



Assignment: 



1. Principles of Refrigeration 

2. Principles of Air Conditioning 

3. Modent Refrigeration and Air Conditioning 

1. Why is it important to follow the manufacturers instruction for the 
maintenance and service of a compressor? 

2. What qualities should lubricating oil have? 

3. What harmful effect will moisture have on a hermetically-sealed 
compressor? 

4. Why should the valves of a reciprocating compressor be checked 
periodically? 

5. How is moisture removed from a refrigeration system? 
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